1123  Broadway  NEW  YORK  Jui-v,  19051 

Semi^Annticil  Meeting  oj’  the  American  Society^, 
oj-  Heating  and  \/entilating  Engineers 

Chicago,  It!,,  Jaty  7  and  8,  t90S 


One  hundred  and  twenty  members  and 
guests  signed  the  official  roster  of  the 
heating  engineers’  summer  meeting  in 
Chicago.  This  excellent  showing  in  point 
of  attendance  was  supplemented  by  an 
unusually  full  participation  in  the  dis¬ 
cussions  which  made  the  meeting  a  mem¬ 
orable  one.  Discussions,  it  goes  without 
saying,  contain  a  large  proportion  of  the 
meat  of  any  conven¬ 
tion,  and  those  who 
were  not  present  at 
Chicago  will  find 
much  to  interest 
them  in  the  extended 
report  as  published 
in  this  issue. 

The  opening  ses¬ 
sion  was  scheduled 
for  Friday  morning, 

July  7,  in  the  South 
Parlor  of  the  Audi¬ 
torium  Hotel.  Sec¬ 
retary  William  M. 

Mackay  called  the 
meeting  to  order  to 
announce  that  neither 
President  William 
Kent  nor  Vice-Pres¬ 
idents  R.  P.  Bolton 
nor  C.  B.  J.  Snyder 
would  be  present, 
and  that  it  would  be 
necessary,  therefore, 
to  designate  a  presid¬ 
ing  officer.  Professor 
Kent  was  detained  by 
the  wedding  of  his 
son.  Mr.  Bolton  had 
business  matters  re¬ 
quiring  his  attend¬ 
ance  in  New  York, 
while  Mr.  Snyder  had  an  appointment  at 
Asbury  Park,  N.  J.,  where  he  read  a  paper 
before  the  National  Educational  Associa¬ 
tion  upon  the  subject  of  school  architec¬ 
ture. 

Former  President  John  H.  Kinealy,  of 
St.  Louis,  was  nominated  for  presiding 
officer.  Former  President  Andrew  Har¬ 
vey.  of  Detroit,  was  also  placed  in  nomi¬ 


nation,  but  withdrew,  and  thereupon* 
Professor  Kinealy  was  unanimously  i 
chosen  for  the  office.  ; 

Upon  taking  the  chair.  Professor 
Kinealy  said: 

“Gentlemen — I  thank  you,  indeed,  for- 
the  honor  conferred  upon  me.  Some  of*^ 
us,  you  know,  are  born  to  greatness;  oth-'- 
ers  become  great,  and  others  have  great¬ 
ness  thrust  upon , 
them.  This  is  one  of  * 
the  occasions  'when  I 
have  had  greatness 
thrust  upon  me.  I  . 
hope  I  shall  be  able 
to  perform  the  duties-, 
of  chairman  to  your.-, 
entire  satisfaction.” 

The  Secretary  then 
announced  the  elec¬ 
tion  of  the  following 
members : 

NEW  MEMBERS 

George  W.  Barr, 
Philadelphia ;  R.  C. 
Beverly,  Richmond. 
Va. ;  George  L.  Bot- 
tum,  Kansas  City, 
Mo. ;  Robert  H.  Felt- 
well.  Philadelphia ; 
Charles  W.  Fortune. 
Galt.  Out. ;  Samuel 
R.  Lewis,  Chicago ; 
Clarence  C.  Mulford, 
Denver,  Col. ;  Almon 
O.  Jones.  Battle 
Creek,  Mich.;  W.  S. 
Patterson.  Appleton. 
Wis. :  John  T.  Sad¬ 
ler,  Elmira.  N.  Y. ; 
George  H.  Stibbs, 
New  York;  Charles  D.  Symms,  Sioux 
Falls,  S.  D.;  George  J.  Tobin,  Plainfield, 
N.  J.;  Levi  J.  Wing,  New  York. 

ASSOCIATE  MEMBERS 

W.  A.  Birdsall,  Newark,  N.  J. ;  Freder¬ 
ick  W.  Jennings,  Leicester,  England. 

1'he  visitors  report  showed  the  follow^ 
ing  present: 
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J.  H.  Kinealy. 

R.  C.  Carpenter. 
Wm.  M.  Mackay. 
Janies  Mackay. 

B.  W.  Brady. 

W.  Widdicombe. 

E.  A.  Spark. 

Morris  R.  Ebcr- 
sole. 


John  D.  Small. 
Andrew  Harvey. 

E.  K.  Munroe. 

R.  S.  Thompson. 
W.  J.  Best. 

Samuel  Kauffman. 
James  A.  Donnelly. 
P.  S.  Hijdsiiji..,. 

J.  H.  Martin. 


Edwin  Bassler. 

E.  E.  Trautman. 
Geo.  E.  Downe. 
Jno.  D.  Hibbard. 
Ed.  A.  Evers. 
Herbert  1.  Lord. 
Robt.  L.  Gifford. 
W:  R.  StcwrkWell. 

H.  T.  Sheriff. 

G.  D.  Hoffman. 

E.  F.  Capron. 

Wm.  S.  Monroe. 

C.  L.  Quist. 

E.  R.  Swan. 

H.  B.  Rowell. 

M.  B.  Hick.s. 

Jas.  H.  Davis. 

F.  H.  Henning. 

E.  N.  Murphy. 
Frank  Gilmore. 

S.  S.  Howell. 

Fred.  W.  C.  Bailey. 
Edwin  A.  May. 

W.  A.  Pope. 


A.  G.  Oripps. 

D.  F.  Morgan. 

I'L  H.  Murphy. 

E.  Crawford. 
Joseph  Graham. 

R.  T.  Wray. 

John  Boylstpn., 

E.  D.  Winslow. 

B.  F.  Stangland. 

W.  W.  Curtis. 

H.  C.  Callon. 
Benjamin  Kauff¬ 
man. 

M.  E.  Philbrick. 

F.  N.  Jewett. 

X.  E.  Frost. 

Samuel  G.  Neller. 
Dudley  A.  Bonitz. 
P.  W.  B.  Graves. 
George  C.  Davis. 
M.  B.  Casey. 

Wm.  Driscoll. 

R.  B.  Watrous. 

M.  H.  Mott. 


A  quorum  being  present,  the  Chairman 
said: 

.  ‘T  wish  you  all  to  understand  that  our 
proceedings  are  entirely  informal  and  that 
it  is  expected  that  all  of  you  will  ask 


former  president  ANDREW  HARVEY 
PRESIDING  OFFICER  AT  ONE  OF 
THE  .SESSIONS 


Frank  K.  Chew. 

J.  D.  Hoffman. 

R.  A.  Widdicombe. 
A.  C.  Edgar. 

John  F.  Hale. 
Howard  H.  Field- 


J.  T.  Kelcham. 

G.  F.  Morgan. 
George  W.  Scott. 
A.  W.  Catlin. 

W.  S.  Patterson. 
W.  H.  Schott. 

F.  R.  Bishop. 

S.  R.  Lewis. 

J.  H.  Williams. 

C.  R.  Folsom. 

J.  L.  Bixby,  Jr. 

D.  Moss. 

W.  H.  A.  David- 


questions  and  take  part  in  the  proceed¬ 
ings  whether  you  are  members  or  not, 
for  we  will  always  be  glad  to  hear  from 
you.” 

This  invitation  meant  more  than  empty 
words,  as  those  present  were  soon  to 
learn;  for  the  Chairman  lost  no  oppor¬ 
tunity  in  calling  for  additional  discussion 


son. 

P.  L.  Grifnths. 

L.  H.  Drurv. 

H.  W.  Ellis'. 

A.  A.  Ainsworth. 
J.  J.  Miller. 

E.  Grassier. 

R.  R.  Shuman. 

H.  W.  Nowell. 

E.  P.  Allen, 
b.  E.  Van  Auken. 

E.  H.  Younglove. 

F.  J.  McMaster. 

C.  K.  Foster. 

A.  T.  Hoyt. 


ing. 

H.  V.  Conine. 

A.  T.  Arens. 
Daniel  Stern. 
Rasmus  Herlov. 

T.  J.  Waters. 

G.  W.  Nistle. 

L.  A.  Larsen. 
Chas.  B.  Ball. 
George  M.  Bard. 
A.  E.  Brown. 
Edward  C.  Lewis. 
W.  H.  Pierce. 

J.  H.  Olson. 

Wm.  G.  Snow. 

H.  A.  Robinson. 
W.  L.  Johnson. 
John  S.  Brennan. 

C.  (j.  Folsom. 
Jno.  K.  Allen. 

Jas.  J.  Walker. 

D.  1.  Cooke. 


JAMES  MACKAY,  CHICAGO 
CHAIRMAN  entertainment  COMMITTEE 
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from  those  qualified  to  speak  on  the  vari¬ 
ous  subjects. 

E.  J.  CAPRON — HEATING  A  RESIDENCE  BY 
HOT  WATER 

The  first  paper  read  was  one  on  “Resi¬ 
dence  Heating  by  Direct  and  Indirect 
Hot  Water/’  by  E.  J.  Capron. 


(Mr.  Capron’s  paper  and  the  discussion 
which  followed  it  will  be  found  on  pages 

25-34.) 

Upon  the  announcement  of  the  next  pa¬ 
per  by  Prof.  J.  H.  Kinealy,  Former  Presi¬ 
dent  Andrew  Harvey  was  invited  to  oc¬ 
cupy  the  chair. 


Ftobif  o_f  Air  in  Metal  Vipes 

By  j.  H.  Kinealy. 


The  expression  for  the  friction  of  the 
flow  of  air  in  metal  pipes  of  a  circular  or 
square  cross-section  may  for  all  practical 
purposes  be  taken  as  ^ 


In  this  formula,  F  is  the  friction  in 
ounces  per  square  inch ;  v,  the  velocity  of 
the  air  in  feet  per  minute;  /,  the  length  of 
the  pipe  in  feet;  and  d,  the  diameter  in 
inches  of  the  pipe  if  round  or  the  side  if 


square. 

If  we  solve  (/)  for  v  we  get 


(2) 


V  =  9,500 


s/ 


d  h' 
I  ' 


If  the  pipe  is  round  its  area  of  cross- 
section  in  square  feet  is 

0.7854  d  '^ 


144  183 

and  if  the  pipe  is  square  its  area  of  cross- 
section  in  square  feet  is 


0.8  as  much  as  will  flow  through  a  square 
pipe  under  the  same  conditions. 

A  bend  in  the  pipe  tends  to  increase  the 
amount  of  friction,  and  has  the  same  ef¬ 
fect  as  increasing  the  length  of  the  pine 
by  an  amount  which  depends  upon  the 
ratio  of  the  radius  of  the  middle  of  the 
bend  to  the  diameter  of  the  pipe,  and 
upon  the  diameter  of  the  pipe  itself,  [f 
we  call  e  this  increase  in  length  we  may 
say 

(6)  e  =  kd 

For  a  90-degree  bend  where  the  radius 

d 

of  the  middle  of  the  bend  is  k  is  about 

2 

5 ;  and  for  a  90-degree  bend  where  the 
radius  of  the  middle  of  the  bend  is  d,  k 
is  about  4. 

Table  I  gives  the  values  of  k  for  90- 
degree  bends  and  various  values  of  the 
ratio  obtained  by  dividing  the  radius,  r, 
of  the  middle  of  the  bend  by  the  diameter, 
d,  of  the  pipe  if  round,  or  the  side  if 
square. 

TABLE  I. 


144 

The  product  of  area  of  cross-section  in 
square  feet  multiplied  the  velocity  of  flow 
through  the  pipe  in  feet  per  minute,  is 
equal  to  the  cubic  feet.  C,  of  air  flowing 
through  the  pipe  per  minute. 

That  is,  for  a  round  pipe, 


,  ,  ^  9,500// 2^  /d  F  /d^F 

(3)  183  V  /  -  5-2V  7-, about; 


and  for  a  square  pipe 


(4)  C= 


9,500  d  * 


d^F 

^  , about. 


These  equations  apply  only  to  smooth 
pipes,  and  since  it  is  impossible  to  make 
in  practice  pipe  which  shall  be  smooth 
everywhere  inside,  it  is  better  to  say 

4 .  for  a  round  pipe. 

(5)  C=^ 

for  a  square  pipe. 


An  inspection  of  (5)  shows  that  for  all 
practical  purposes  we  may  say  that  the 
amount  of  air  which  will  flow  through  a 
round  pipe  of  a  given  diameter  and 
length,  for  a  given  value  of  F,  is  about 


Values  of  k  for  various  values  of  \ 

d 


If  we  find  the  equivalent  increase  of 
length  of  a  pipe  due  to  each  bend,  and 
add  this  to  the  length  in  feet  of  the  pipe, 
we  have  what  may  be  termed  the  equiva¬ 
lent  length  of  the  pipe,  which  is  always 
greater  than  the  actual  length  as  measured. 
Thus,  let  us  suppose  we  have  a  square 
12-inch  pipe,  100  feet  long,  which  has  one 
square  bend  and  one  bend  for  which  the 
radius  of  the  middle  is  18  inches  or  1.5 
times  the  size  of  the  pipe,  and  we  wish  to 
know  the  equivalent  length  of  the  pipe. 

From  Table  I  we  see  that  k  for  the 

square  bend,  7  equal  ^2,  is  5;  and  for  the 
other  bend,  where  ^  is  1.5,  k  is  3. 
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Hence  for  the  square  bend  the  increase 
in  length  is 

5  d  =  6o  feet ; 

and  for  the  other  bend  the  increase  is 
3  d  =  36  feet. 

Therefore,  the  total  equivalent  length  of 
the  pipe  is 

100  +  60  -j-  36  =  196  feet. 

That  is  to  say,  the  friction  of  this  12- 
inch  pipe,  100  feet  long  and  having  the 
two  bends,  is  the  same  as  it  would  be  in 
a  straight  12-inch  pipe  196  feet  long. 

It  is  evident  that  we  may  assume  vari¬ 
ous  values  of  d,  F,  and  /  in  (5)  and  cal¬ 
culate  the  amount  of  air  which  would 
flow  through  the  pipe  under  the  assumed 
conditions. 

Table  II  gives  the  values  of  C  for  vari¬ 
ous  values  of  d  and  F  for  square  pipes 
100  feet  long,  as  calculated  by  (5). 


Table  II  may  be  used  for  round  pipes 
if  we  remember  that  the  number  of  cubic 
feet  of  air  carried  by  a  round  pipe  of  a 
given  diameter  and  length  is  0.8  of  the 
number  of  cubic  feet  of  air  carried  by  a 
square  pipe  of  the  same  length  whose  side 
is  equal  to  the  diameter  of  the  round  pipe. 
Thus  the  table  shows  that  the  friction  of 
1,100  cubic  feet  of  air  passing  per  minute 
through  a  square  pipe  10  by  10  inches 
and  100  feet  long  is  0.4  of  an  ounce.  A 
round  pipe  10  inches  in  diameter  and  100 
feet  long  would  have  the  same  friction  if 
880,  equal  0.8  X  1,100,  cubic  feet  of  air 
passed  through  it  per  minute. 

Table  II  may  be  used  to  determine  the 
size  of  pipe  ^required  to  carry  a  given 
amount  of  air  per  minute  with  a  given 
loss  by  friction.  This  may  best  be  made 
clear  by  examples. 

Example  i.  Determine  the  size  of  a  rect- 


TABLE  II. 

Cubic  Feet  of  Air  That  Will  Flow  Per  Minute  Through  Square  Pipes  of 
Various  Sizes,  ioo  Feei'  Long,  for  Various  Values  of  F 


Si*  of  Pipe 
^  Inches 

F, 

or  I,oss  by  Friction  in  Ounces  per  Square  Inch 

Area  of  Cross- 
Section  of  Pip'  in 
Square  Inches 

0,1 

0,2 

0.3 

0.4 

0.5 

0.6 

6 

150 

220 

270 

310 

340 

370 

36 

8 

320 

440 

540 

630 

700 

770 

64 

10 

560 

780 

950 

1,200 

1.350 

IOO 

12 

870 

1,200 

1,500 

1.700 

I  950 

144 

14 

1,3'  0 

1,800 

2  200 

2,800 

196 

I  800 

3,100 

4  3'0 

256 

18 

2.400 

3.400 

4  100 

5  300 

5.800 

324 

20 

3  'oo 

5,400 

6,300 

7  700 

400 

22 

5  600 

6,9<>o 

II. 000 

484 

2a 

4,900 

10,400 

12,000 

13  (  OO 

.^36 

26 

6,000 

8.500 

12.500 

14. 50tJ 

16. (XX) 

676 

30 

7,200 

10  200 

15,090 

19  Oi  0 

21.000 

900 

34 

II  800 

12,200 

20  000 

24  00  » 

26  <  00 

20  000 

1.156 

38 

•5,500 

16  600 

27  000 

31  000 

35.000 

38,000 

1,444 

42 

20.000 

34.000 

40,000 

J4  000 

1.764 

46 

25,000 

35,‘Oo 

43  000 

50,000 

56  000 

6i,ck)0 

2.117 

50 

31  000 

4i.ooo 

55,000 

75.000 

2.570 

Table  II  is  made  for  square  pipes,  but 
it  can  be  used  for  rectangular  pipes  that 
are  not  square  and  also  for  round  pipes. 
The  table  may  be  used  for  any  rectangular 
pipe  whose  longest  side  is  not  more  than 
twice  its  shortest.  Thus  the  friction  in  a 
rectangular  pipe  7  by  14  inches  is  only 
about  5  per  cent,  more  than  that  in  a 
square  pipe  10  by  10  inches  of  the  same 
length.  As  long  as  the  short  side  of  the 
cross-section  of  the  pipe  is  not  less  than 
one-half  the  length  of  the  long  side,  the 
friction  in  the  rectangular  pipe  will  not 
be  more  than  5  per  cent,  greater  than  the 
friction  in  a  square  pipe  of  the  same  area 
of  cross-section  and  the  same  length ;  and 
a  difference  of  5  per  cent,  is  too  small 
to  be  considered  in  such  work  as  laying 
out  a  system  of  pipes  for  a  heating  or 
ventilating  system. 


angular  pipe  renuired  to  deliver  3.000  cu¬ 
bic  feet  of  air  per  minute  a  distance  of 
100  feet  with  a  loss  by  friction  of  0.2  of 
an  ounce. 

Looking  under  the  column  headed  0.2, 
we  find  opposite  16  in  the  first  co'umn, 
2,500;  and  opposite  18  in  the  first  column 
we  find  3,400.  That  is,  a  16-inch  square 
pipe  will  deliver  2.500  cubic  feet  of  air 
per  minute  a  distance  of  100  feet  with  a 
loss  by  friction  of  0.2  of  an  ounce;  and 
an  18-inch  square  pipe  will  deliver  3.400 
cubic  feet  of  air  per  minute  the  same  dis¬ 
tance  with  the  same  loss.  Since  3.000  is 
about  midway  between  2,500  and  3.400  it 
is  evident  that  we  need  a  17-inch  square 
pipe,  since  it  is  midway,  almost  at  least, 
between  a  16-inch  and  an  18-inch  pipe. 

If  we  do  not  want  to  use  a  square  pipe 
we  proceed  as  follows ;  The  area  of  a 
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1 6-inch  square  pipe  which  will  deliver 
2,500  cubic  feet  per  minute  is,  from  the 
table,  256  square  inches,  and  the  area  of 
an  18-inch  pipe  which  will  deliver  3,400 
cubic  feet  per  minute,  is  324  square  inches. 

56-1-324 

The  mean  of  these  is  290,  equal  - ^ - 

square  inches.  That  is,  the  pipe  must 
have  an  area  of  290  square  inches  to  de¬ 
liver  3,000  cubic  feet  of  air  100  feet  with 
a  loss  by  friction  of  0.2  of  an  ounce.  We 
may  use  a  pipe  12  by  24;  or  15  by  20;  or 
16  by  18  inches. 

Example  2.  Determine  the  diameter  of  a 
round  pipe  that  will  deliver  10,000  cubic 
feet  of  air  per  minute  a  distance  of  100 
feet  with  a  loss  by  friction  of  0.5  of  an 
ounce. 

Since,  as  has  been  pointed  out,  a  round 
pipe  will  deliver  only  0.8  as  much  air  as  a 
square  pipe  of  the  same  size  with  the 
same  loss  by  friction,  if  we  divide  10,000 
by  0.8  we  get  the  amount  of  air  which  a 
square  pipe  of  the  same  size  'as  the  re¬ 
quired  round  pipe  will  deliver.  And  10,- 
000  divided  by  0.8  is  12,500. 

Looking  under  the  column  headed  0.5. 
we  find  that  a  24-inch  square  pipe  will 
deliver  13,000  cubic  feet  of  air  per  minute 
with  a  loss  by  friction  of  0.5  of  an  ounce. 
Hence  a  24-inch  round  pipe  is  what  we 
shall  use. 

Example  3.  Determine  the  size  of  a 
square  pipe  required  to  deliver  1,500  cubic 
feet  of  -air  per  minute  a  distance  of  300 
feet  with  a  loss  by  friction  of  only  o.i 
of  an  ounce. 

Since  the  friction  increases  as  the 
square  root  of  the  length  of  the  pipe, 
delivering  1,500  cu.  ft.  of  air  300  feet  is 
equivalent  to  delivering  at  a  distance  of 
100  feet  an  amount  of  air  equal  to  1,500 
multiplied  by  the  square  root  of  the  quo¬ 
tient  obtained  by  dividing  300  by  100.  The 
quotient  obtained  by  dividing  300  by  100 
is  3;  and  the  square  root  of  3  is  1.7. 

Hence  the  nipe  which  will  de’iver  1,500 
cubic  feet  of  air  a  distance  of  300  feet 
will  deliver  2,600,  equal  1.7  multiplied  by 
1.500.  cubic  feet  of  air  100  feet  with  the 
same  loss  by  friction. 

Therefore,  we  proceed  as  before,  and 
find  the  square  pipe  which  will  deliver 
2.600  cubic  feet  of  air  per  minute  at  a 
distance  of  too  feet  with  a  loss  of  o.i 
of  an  ounce.  This  we  find  must  be  a  19- 
inrh  square  pipe,  although  a  pipe  18  by 
19  inches  will  be  large  enough. 

Examp'e  4.  Determine  the  size  of  pipe 
150  feet  long  with  one  square  90-degree 
bend  and  two  curved  90-degree  bends,  re¬ 
quired  to  deliver  2.000  cubic  feet  of  air 
per  minute  with  a  loss  by  friction  of  0.3 
of  an  ounce. 

In  working  such  an  example  as  this  it 
is  usual  to  assume  first  the  probable  in¬ 
crease  in  the  amount  of  air  to  compensate 
for  the  length  and  bends,  and  by  practice 
one  soon  learns  to  assume  about  the  prop¬ 
er  increase.  Here,  however,  we  shall  as¬ 
sume  no  increase  at  all  and  proceed  as  fol¬ 
lows  : 


Delivering  2,000  cubic  feet  of  air  150 
feet  is  equivalent  to  delivering  2,500,  equal 
2,000  multiplied  by  the  square  root 
of  the  quotient  obtained  by  dividing 
150  by  100,  cubic  feet  of  air  100 
feet.  And  the  table  shows  that  for  a 
the  square  pipe,  and  the  square  pipe  will 
be  required.  We  may  assume  that  for  the 
square  bend  k,  given  in  Table  I,  is  5 ;  and 
for  each  of  the  round  bends  k  is  3.  Hence 
the  equivalent  length  due  to  the  bends  is 
5X15-1-2X3X15  =  75  +  90=165  feet. 

The  equivalent  length  of  the  pipe,  there¬ 
fore,  is 

150+165  =  315  feet. 

That  is,  because  of  the  bends  we  must 
deliver  the  air  not  150  feet,  but  315  feet. 
And  delivering  2,000  cubic  feet  of  air  315 
feet  is  equivalent  to  delivering  3,600,  equal 

2,000  X  \/  ,  cubic  feet  of  air  100  feet. 

From  Table  II  we  see  that  a  17-inch 
pipe  will  be  required  to  deliver  3,600  cubic 
feet  of  air  a  distance  of  100  feet  with  a 
loss  by  friction  of  0.3  of  an  ounce. 

But  the  equivalent  length  due  to  the 
bends  in  the  17-inch  is 

5  X  17  -h  2  X  3  X  17  =  85  +  102  =  187 
instead  of  165  as  assumed. 

And  the  equivalent  length  of  the  pipe  is 
150-1-187  =  337  feet. 

And  delivering  2,000  cubic  feet  of  air 
337  feet  is  the  same  as  delivering  3,700, 

equal  2,000  A/  MI,  cubic  feet  a  distance  of 

100  feet. 

Table  II  shows  that  a  17-inch  pipe  is 
not  quite  large  enough,  but  nearly  so,  to 
deliver  3.700  cubic  feet  of  air  per  minute 
a  distance  of  100  feet  with  a  loss  by  fric¬ 
tion  of  0.3  of  an  ounce.  A  pipe  17  by  18 
would  be  amply  large. 

Table  II  shows  very  clearly  how  and 
why  it  is  that  the  friction  of  the  flow 
of  air  in  a  round  pipe  is  different  from 
the  friction  of  the  flow  of  air  in  a  square 
pipe.  Thus,  suppose  we  wish  to  determine 
the  size  of  a  square  pipe  and  also  the  size 
of  a  round  pipe  capable  of  delivering  2,000 
cubic  feet  of  air  a  distance  of  100  feet 
with  a  loss  by  friction  of  0.2  of  an  ounce. 

Turning  to  Table  II,  we  see  that  a  14- 
inch  square  pipe  will  deliver  1,800  cubic 
feet  of  air  a  distance  of  100  feet  with  a 
loss  by  friction  of  0.2  of  an  ounce,  while 
a  16-inch  square  pipe  will  deliver  2.500 
cubic  feet  of  air  the  same  distance  with 
the  same  loss.  That  is,  the  14-inch  pipe  is 
slightly  too  small  and  the  16-inch  pipe  is 
too  large.  We  should  use,  therefore,  a 
15-inch  square  pipe. 

To  find  the  round  pipe  required,  we  di¬ 
vide  2.000  by  0.8  and  get  2.500.  Then  we 
look  in  Table  II  and  find  the  size  of  pipe 
required,  and  this,  will  be  the  size  of 
round  pipe  required  to  deliver  2,000  cubic 
feet  of  air  a  distance  of  100  feet  with  a 
loss  of  0.2  of  an  ounce  by  friction.  From 
the  table  we  see  that  an  18-inch  pipe  will 
be  required.  That  is,  an  18-inch  square 
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pipe  will  deliver  2,500  cubic  feet  of  air  a 
distance  of  100  feet  with  a  loss  by  fric¬ 
tion  of  0.2  of  an  ounce,  while  an  18-inch 
round  pipe  will  deliver  2,000  cubic  feet  of 
air  a  distance  of  100  feet  with  a  loss  by 
friction  of  0.2  of  an  ounce. 

In  other  words,  the  round  pipe  must  be 
18  inches  in  diameter,  while  the  square 
pipe  need  be  but  15  inches  on  the  side. 
The  round  pipe  must  be  20  per  cent,  larg¬ 
er  than  the  square  pipe  in  order  to  deliver 
the  same  quantity  of  air  with  the  same 
loss  by  friction.  A  round  pipe  of  the 
same  size  as  a  square  pipe  of  a  given 
length  will  have  just  exactly  the  same 
loss  by  friction  as  the  square  pipe  and 
will  deliver  only  about  0.8  as  much  air  as 
the  square  pipe.  Further,  the  round  pipe 
will  take  up  just  as  much  room  or  space 
as  the  square  pipe. 

A  square  pipe  is  better  than  a  round 
pipe,  because  it  will  deliver  more  air  for 
the  same  loss  by  friction  and  will  take  up 
no  more  space.  True  the  square  pipe  will 
contain  more  metal  than  the  round  pipe, 
whose  diameter  is  equal  to  the  side  of 
the  square  pipe,  and  the  square  pipe  will 
cost  more  to  make. 

The  formulas  and  table  given  here  may 
be  used  to  lay  out  all  kinds  of  systems 
of  piping  for  air,  and  I  hope  that  the 
members  of  the  society  will  find  them  as 
useful  and  convenient  in  their  work  as  I 
have. 

DISCUSSION 

Mr.  Kinealy:  I  do  not  think  it  is  neces¬ 
sary  for  me  to  read  this  paper.  I  think 
it  would  be  well  for  us  if  we  would  skip 
the  first  page  and  the  second  page  and 
turn  to  Table  I.  I  might  say  as  a  pre¬ 
face  to  my  remarks  that  these  tables  rep¬ 
resent  the  result  of  considerable  labor,  and 
I  use  them  simply  to  make  my  own  labor 
easier,  and  to  shorten  the  time  required 
to  lay  out  a  plant  that  has  a  lot  of  long 
air  ducts.  The  tables  are  Table  I  and 
Table  II.  Table  I  gives  the  provisions  I 
use  on  bends  in  the  pipes.  “R'’  is  sup¬ 
posed  to  be  the  radius  of  the  middle  of 
the  pipe  and  “D’'  the  diameter  of  the 
pipe.  If  the  bend  is  what  we  call  a 
square  bend,  so  that  the  radius  of  the 
middle  is  practically  half  the  diameter  of 
the  pipe,  then  the  factor  “K”  is  5.  If  it 
has  a  long  bend,  so  that  the  radius  is 
twice  the  diameter,  the  factor  “K’’  is 
about  2.  Of  course,  you  understand  that 
these  factors  are  not  exactly  as  given 
here.  I  don’t  remember  exactly  how 
they  worked  out.  That  is.  where  I  have 
5  it  may  be  that  in  calculating  it  might 
be  found  to  be  4.87  or  5.17.  But  I  simply 
call  it  5.  This  factor  can  be  used  in  this 
way:  multiplying  the  diameter  of  the  pipe 
in  inches  by  that  factor  “K”  you  have 
the  length  of  pipe  in  feet,  whose  resistance 
is  equivalent  to  the  resistance  of  that 
bend.  In  other  words,  suppose  we  have 
a  pipe  that  is  12x12  Inches  and  it  has  one 
right  angle  bend;  the  factor  is  5,  so  that 
the  resistance  due  to  that  bend  is  just 


exactly  the  same  as  though  the  length  of 
the  pipe  was  60  feet  additional.  In  other 
words,  if  you  have  a  pipe  100  feet  long 
with  one  right  angle  bend,  the  resistance 
due  to  the  friction  in  that  pipe  is  the 
same  as  if  the  pipe  were  straight  and  60 
feet  longer.  So  much  for  Table  I. 

Now  for  Table  II.  The  first  column, 
gives  the  size  of  the  pipe  in  inches;  the 
last  column  gives  the  area  cross  section 
of  pipe  in  square  inches.  That  is  really 
of  very  little  use.  The  second  column 
gives  the  number  of  cubic  feet  of  air  that 
will  pass  through  the  pipes  of  different 
size  for  a  loss  of  one-tenth  ounce  pres¬ 
sure  due  to  friction  in  100  feet.  The  third 
column  for  loss  of  0.2;  the  fourth  one  for 
loss  of  0.3;  the  fifth  one  for  loss  of  0.4; 
the  sixth  for  loss  of  0.5,  and  the  seventh 
for  loss  of  0.6. 

The  table  is  used  in  this  way:  Sup¬ 
pose,  for  instance,  I  wish  to  pass  1,20a 
cubic  feet  of  air  per  minute  through  a 
pipe  which  is  100  feet  long,  the  resistance 
being  0.2  of  an  ounce.  Looking  at  the 
table  under  the  column  headed  0.2,  the 
third  column,  I  find  1,200  cubic  feet  is 
possible  in  a  12-inch  pipe.  In  other  words, 
I  must  use  for  that  purpose  a  pipe  12 
inches  square.  If  the  pipe  is  longer  than 
100  feet,  I  gfet  the  length,  then  I  make 
the  corrections  for  the  bends  and  divide 
it  by  100,  point  off  two  decimals  only, 
and  extract  the  square  root.  That  can 
easily  be  done  in  the  head.  Multiply  the 
number  of  cubic  feet  of  air  you  wish  to 
transmit  by  your  square  root,  and  look 
at  the  table  for  the  result.  For  instance, 
example  2  on  page  5  shows  how  we 
would  determine  the  diameter  of  a  round 
pipe  to  supply  10,000  cubic  feet  of  air 
per  minute  a  distance  of  100  feet,  with 
loss  by  friction  of  0.5  ounces. 

Now  Example  3  shows  how  to  deter¬ 
mine  the  size  of  a  square  pipe  required 
to  deliver  1,500  cubic  feet  of  air  per  min¬ 
ute  a  distance  of  300  feet  with  a  loss  by 
friction  of  only  o.i  of  an  ounce. 

Now  if  you  look  at  that  table,  under 
column  2,  you  will  find  that  there  is  no 
2.600.  Opposite  the  eighteen  inch  pine 
we  find  2,400,  and  opposite  the  20-inch 
pipe  we  find  3.100.  Now  the  19  is  some¬ 
where  about  the  middle  between  this  and 
that  is  the  pipe  that  we  would  take  for 
the  2,600. 

Example  4  is  a  difficult  one.  This  is  the 
kind  of  an  example  we  actually  have  in 
laying  out  a  system  of  piping.  In  this 
jiarticular  instance  T  am  assumine  that 
you  would  do  as  all  beginners  must  do, 
learn  how  to  use  the  tools,  and  to  do 
that  you  have  to  work  out  the  problem 
step  by  step. 

These  examples  show  how  to  use  the 
tables,  and  in  a  very  short  time  one  will 
learn  how  to  add  about  the  right  amount 
for  the  resistance  due  to  the  bends,  and 
then  he  will  learn  to  pick  out  from  the 
table  the  proper  size  pipe,  with  very  lit¬ 
tle  trouble. 
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Secretary  Mackay:  Professor  Kent,  who 
was  unable  to  be  here,  went  over  Mr. 
Kinealy’s  paper  before  I  left  New  York, 
and  he  handed  me  this  paper  to  read. 
He  says:  “In  line  below  formula  (i)  the 
word  ‘friction’  should  be  preceded  by  the 
words  ‘loss  of  pressure  due  to.’  ’’ 

“A  similar  correction  should  also  be 
made  about  the  middle  of  page  2.  For 
‘amount  of  friction,’  read  ‘loss  due  to 
friction.’  ” 

“Same  near  bottom  of  page  3.” 

“Same  three  places  in  page  4.” 

“In  the  rest  of  the  paper  the  term  ‘loss 
by  friction’  is  used  as  it  should  be.” 

“Will  Professor  Kinealy  please  give  in 
a  footnote  the  derivation  of  formula  (l).’’ 

“Also  will  he  give  the  author,  or  state 
from  what  experiments  are  derived  the 
values  of  K-4  and  5  near  bottom  of  page 
2.’’ 

Mr.  Kinealy:  I  will  answer  those  ques¬ 
tions  one  at  a  time.  The  first  is.  that  the 
second  line  below  formula  (i)  the  word 
“friction”  should  be  preceded  by  the 
words  “loss  of  pressure  due  to.”  I  am 
perfectly  content  to  take  Professor  Kent’s 
correction  on  that.  Possibly,  to  be  ex¬ 
act.  I  should  have  said.  “Loss  of  friction 
in  ounces  per  square  inch.’’ 

'I'he  derivation  of  equation  i  on  page 

1,  1  can  easily  give  in  a  footnote,  or  I 
can  give  it  here.  It  is  simply  a  question 
of  taking  the  ordinary  constants  that  are 
given  in  all  books  that  discuss  the  flow 
of  liquids  and  gases  in  pipes,  put  in  the 
proper  constants  and  multiply  and  divide 
so  as  to  reduce. 

The  values  of  the  constants  K.  of  which 
Professor  Kent  speaks,  bottom  of  page 

2,  and  also,  I  suppose.  Table  I,  on  page 

3,  are  the  results  of  experimenters  trying 
to  get  at  something  like  a  reasonable 
value.  They  are  obtained  by  taking  the 
results  and  multiplying  and  dividing  by 
the  constants  that  are  given,  and  then 
writing  the  numbers  out.  I  can  give  that 
also  if  it  is  desired  in  a  footnote.  I  sup¬ 
pose  that  is  what  Professor  Kent  wants. 

Mr.  Donnelly:  At  the  top  of  page  6  he 
says:  “Since  the  friction  increases  as  the 
square  root  of  the  length  of  the  pipe, 
delivering  1.500  cubic  feet  of  air  .300  feet 
is  equivalent  to  delivering  at  a  distance 
of  100  feet  an  amount  of  air  equal  to  1,500 
multiplied  by  the  square  root  of  the  quo¬ 
tient  obtained  by  dividing  300  by  100.”  I 
could  never  make  the  loss  of  friction  as 
given  in  some  of  the  author’s  works  to 
handle  the  air  agree  with  loss  of  friction 
and  loss  of  pressure  of  steam.  For  in¬ 
stance,  Babcock’s  formulas  for  steam,  and. 
more  generally  speaking,  his  formulas  for 
water,  give  the  loss  of  pressure  due  to 
friction — accepting  Professor  Kent’s  cor¬ 
rection — as  directly  nroportioned  to  the 
length.  I  would  like  Professor  Kinealy 
to  give  me  some  explanation  of  why  this 
is,  “as  the  square  root  of  the  length  of 
the  pipe.”  I  don’t  understand  whether 
that  is  the  Babcock  formula,  expressed  in 


a  different  way,  or  a  different  handling  of 
the  same  proposition. 

Mr.  Kinealy:  I  think  it  is  probably  a 
difference  in  the  way  in  which  the  for¬ 
mulas  are  read  or  used.  The  equation 
only  shows  that  the  friction,  or  the  loss 
by  friction,  for  the  same  velocity  and  the 
same  diameter  of  pipe,  increases  directly 
as  the  length  does.  Now,  however,  when 
you  have  a  pipe  of  a  given  size,  and  you 
have  a  given  head  or  loss,  with  which 
you  start,  you  make  corrections  for  varia¬ 
tions,  as  you  have  varying  velocities.  You 
will  find  by  solving  equation  L  as  is  done 
in  equation  2,  the  velocity  there  is  in- 
vertially  as  the  square  root  of  the  length. 
Now  in  this  work,  using  Table  II  we  start 
with  a  loss  for  which  we  design  our  pipe; 
for  instance,  o.i  of  an  ounce  or  0.2  of  an 
ounce.  That  loss  must  not  be  exceeded 
and,  hence,  from  equation  2,  we  see  that 
as  we  increase  the  length  or  decrease  it, 
the  velocity,  which  is  the  same  as  the 
amount  of  air,  changes  invertially  as  the 
square  root  of  the  length,  the  difference 
being  that  we  are  starting  with  different 
(luantities  given.  We  are  working  with 
Table  II,  and  in  that  we  have  given,  or  we 
assume,  the  loss  of  friction  and  the  di¬ 
ameter  of  the  pipe.  That  is  all  there  is 
to  it. 

Mr.  Stangland:  I  would  like  to  ask  the 
Professor  if  this  formula  holds  good  on 
either  vacuum  or  exhaust  steam  drawings, 
or  the  discharge  of  air  through  pipes? 

Mr.  Kinealy:  It  does  not  make  any 
difference. 

Mr.  Stangland:  I  am  inclined  to  think 
it  does.  I  would  like  to  hear  from  some 
of  the  members  on  the  question  of  ex¬ 
hausting  air  through  pipes. 

Mr.  Kinealy:  I  used  Table  II  in  design¬ 
ing,  in  this  way:  I  determined  the  loss 
due  to  friction  of  the  air  passing  through 
my  tempering  coils,  then  through  the  heat¬ 
ing  coils,  and  through  the  fan;  then  I  sub¬ 
tract  that  total  loss  from  the  pressure  cor¬ 
responding  to  the  speed  at  which  I  wish¬ 
ed  to  run  my  fan.  and  the  remainder  is  the 
pressure  that  will  be  used  in  overcoming 
friction.  Then  I  proportioned  my  pipes 
accordingly. 

In  other  words,  suppose  I  am  running 
a  large  hot  blast  job  and  I  wish  to  run 
the  fan  so  as  to  give  a  pressure  of  0.6  of 
an  ounce.  Now,  I  may  put  in  a  deep  heat¬ 
er,  and  air  wash,  or  I  may  have  two  or 
three  other  things  that  will  increase  the 
resistance  to  the  air,  as  it  passes  from 
the  outside  through  the  fan  and  temper¬ 
ing  coil  to  the  heating  coil.  I  find  this  re¬ 
sistance,  or  rather  those  resistances,  and  I 
add  them  together.  Let  me  assume  that 
the  sum  total  is,  say,  35ooths  of  an  ounce. 
Subtracting  that  from  0.6  of  an  ounce,  I 
have  25ooths  left.  Now  I  know  that  there 
are  going  to  be  various  little  resistances 
which  I  cannot  estimate.  There  is  going 
to  be  some  pressure  required  to  give  the 
air  the  velocity  with  which  it  enters  the 
room,  and  I  in  that  case  may  .  say  I  w'ill 
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let  out  the  pipes,  so  that  the  resistance  due 
to  the  friction  in  the  pipes  and  in  the  flues 
up  to  the  register  will  be  0.2  of  an  ounce. 
Then  I  use  this  table.  I  have  no  doubt 
but  what  the  pressure  will  vary  with  dif¬ 
ferent  conditions.  I  know  that  the  smooth¬ 
ness  of  the  pipe,  the  way  in  which  the 
pipe  is  put  together,  affects  it  very  ma¬ 
terially.  I  know  that  the  condition  of  the 
flues  affects  the  friction  materially.  I 
know  there  are  a  whole  lot  of  things;  but 
the  mere  fact  that  I  do  not  know  how  to 
account  for  those  things  does  not  keep 
me  from  trying  to  account  for  the  friction 
as  far  as  I  can;  and  when  I  lay  out  the 
pipe  from  this  table,  and  assume  that  the 
resistance  due  to  friction  will  be  0.2  of  an 
ounce,  I  am  perfectly  satisfied  if  it  is  only 
0.15;  but  I  kick  like  everything  if  it  hap¬ 
pens  to  be  0.25.  That  is  all  the  table  can 
do.  It  can  simply  aid  you.  I  think  you 
will  all  agree  with  me  when  I  say  that  no 
formula,  no  table,  no  book  will  make  an 
engineer  any  more  than  a  box  of  carpen¬ 
ter’s  tools  will  make  a  carpenter. 

(Professor  Kinealy  then  resumed  the 
chair.) 

.TOPIC 

IV hat  is  the  Best  Material  for  a  Gasket  in 
a  Flange  Union  for  Hot  1  Voter  Piping f 

Mr.  Harvey;  I  think  a  crown  joint 
would  be  the  best. 

The  Secretary:  Why,  Mr.  Harvey? 

Mr.  Harvey:  Because  you  would  have 
the  two  best  facings  which  could  be  made. 

Mr.  Donnelly:  Professor  Sweet  in  his 
work  says  that  “If  an  honest  man  has  an 
honest  lathe  and  does  van  honest  job  he 
don’t  need  any  packing.  It  seems  to  me  it  is 
pretty  hard  on  steam  fitters.  Of  course, 
they  are  not  all  machinists.  He  says  with 
the  cylinder  head  drawn  off — with  a  cyl¬ 
inder  head  you  don’t  have  to  crown  it; 
if  you  have  the  right  kind  of  a  main,  the 
right  kind  of  a  tool  and  the  right  kind  of 
a  man  who  takes  the  finishing  coat,  you 
can  take  it  right  near  the  cylinder,  or  the 
head,  and  blow  it  off  at  any  time  and  it 
will  be  tight;  you  can  take  it  apart  and 
put  it  back  again,  and  it  will  stay  tight.  I 
never  make  a  flange  union  that  way  for 
hot  water  work,  but  I  remember  that  some 
people  used  to  try  thin  packing,  but  it 
would  not  be  tight  because  the  surfaces 
didn’t  meet,  they  would  have  to  increase 
the  thickness  of  the  packing,  and  I  have 
seen  it  a  quarter  of  an  inch  thick.  I  think 
Mr.  Harvey  is  right,  that  the  surface  to 
surface  method  is  the  best. 

The  Secretary:  Personally,  I  don’t  think 
there  is  any  advantage  in  the  gasket.  I 
would  rather  have  a  gasket  and  flange 
union. 

TOPIC 

Can  Pipe  Sizes  for  Risers  and  Radiator 
Connections  off  Risers  Be  Reduced? 

Mr.  Munroe:  In  the  East  there  has 
gradually  been  a  rise  in  the  sizes  of  mains 
and  risers  used.  Fifteen  years  ago  it  was 


the  practice  to  install  a  plant  with  two 
pipe  connections  of  half  inch  and  three- 
quarter  inch  size,  with  lOO-foot  radiators, 
and  they  got  very  good  results,  when  there 
were  no  drops  in  the  mains.  We  all  know 
in  the  East  we  scarcely  ever  use  one  pipe 
work  as  they  do  out  West  here.  When¬ 
ever  a  job  is  laid  out  it  is  always  laid  out 
by  an  engineer  as  a  two-pipe  job.  And 
right  along,  even  now,  the  sizes  of  the 
radiator  connections  and  risers  are  being 
jumped  at,  and  the  fellows  that  do  indif¬ 
ferent  work  are  always  getting  the  size  of 
the  pipe  wrong.  And  yet  I  have  known 
jobs  to  be  put  in  where  the  size  of  the 
pipe  was  very  much  reduced  from  that 
laid  out,  and  if  put  in  by  practical  me¬ 
chanics  good  results  were  invariably  ob¬ 
tained.  And  I  believe  that  the  sizes  as 
now  used  in  many  cases  are  in  the  interest 
of  pipe  foundries  and  rolling  mills  rather 
than  in  the  interest  of  the  purchaser.  You 
can  get  along  with  smaller  pipe  where  you 
have  the  proper  radiators,  in  many  in¬ 
stances.  I  do  not  believe,  myself,  it  is 
ever  necessary  to  use  as  large  as  a  2-inch 
valve  on  one-pipe  radiator  connections 
with  90-foot  capacity.  I  may  be  mistaken, 
and  I  want  to  know  how  you  find  it  in  the 
West,  where  you  do  so  much  one-pipe 
work.  I-s  not,  as  a  rule,  a  i^-inch  connec¬ 
tion  on  the  radiator  of  75  square  feet  am¬ 
ple? 

Mr.  Gifford:  I  think  the  question  is 
largely  one  of  pressure  at  which  you  wish 
to  circulate  the  steam. 

Mr.  Munroe:  We  arc  presuming  five 
pounds. 

Mr.  Gifford:  Well,  for  five  pounds  I 
think  Mr.  Munroe’s  size  would  give  satis¬ 
faction.  I  think  old  jobs  put  in  years  ago- 
were  not  put  in  for  high  pressure  work 
but  were  put  in  at  a  time  when  the  amount 
of  back  pressure  on  engines  and  pump 
supply  exhaust  steam  was  not  considered, 
and  I  think  the  increased  pipe  sizes  of  the 
last  few  years  have  been  along  the  line  of. 
keeping  down  the  back  pressure  on  en¬ 
gines  supplying  exhaust. 

Mr.  Donnelly:  I  think  Mr.  Munroe  has 
the  right  ratio,  and  that  75  square  feet  is 
all  right  for  inch  and  a  quarter  pipe. 

Mr.  Munroe:  My  idea  in  bringing  up 
this  subject  was  to  the  end  that  some 
table,  by  which  we  should  all  be  governed 
as  members  of  this  society,  be  adopted; 
and  to  that  end  I  would  suggest  that  a 
committee  be  appointed  to  prepare  such 
a  table,  say  on  the  basis  of  five  pounds 
gravity  return,  or  one  pound  return  sys¬ 
tem;  and  also  for  exhaust  heating  work, 
where  back  pressure  is  going  to  perform 
some  part.  I  think  we  ought  as  a  society 
to  determine  among  ourselves  on  a  table 
such  as  I  suggest,  which  would  be  strictly 
adhered  to.  The  table  might  suggest  the 
minimum  size  that  could  be  used  with 
proper  results.  I  think  there  is  too  much 
leeway  on  either  side.  There  is  always  a 
tendency  to  cut  sizes  even  beyond  what 
should  be  done.  On  the  other  hand.  I 
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know  engineers  who  make  up  this  work, 
knowing  that  tendency,  have  gone  to  the 
other  extreme  and  made  the  sizes  entirely 
larger  than  was  necessary,  and  made  the 
job  come  out  very  well.  For  instance, 
when  you  take  a  building  with,  say,  eight 
stories  and  start  with  a  3J^-inch  riser 
through  every  room  in  it,  if  that  could  be 
reduced  practically,  it  would  be  a  benefit 
to  every  one,  and  if  that  form  of  table 
were  gotten  up  and  if  we  were  to  bind 
ourselves  to  use  the  table,  we  would  have 
obtained  a  result  and  have  a  standard  to 
gy  by  as  the  standard  of  “The  American 
Society  of  Heating  and  Ventilating  Engi¬ 
neers,”  which  would  be  recognized  in  time. 
There  are  so  many  tables  made,  so  many 
men  with  different  ideas  at  the  present 
time,  that  they  are  confusing.  That  is 
what  Fm  getting  at.  I  have  my  own  table 
which  I  compiled  myself,  and  which  I  use; 
and  I  can  find  a  number  of  tables,  but 
they  vary  so,  and  I  think  it  would  be  the 
proper  thing  for  us  to  formulate  our  own 
table,  give  it  to  a  committee  of  men  who 
have  dealt  with  this  subject.  I  make  that 
suggestion  and  think  it  ought  to  be  acted 
upon. 

The  Chairman:  Suppose  you  make  the 
motion  that  it  be  referred  to  the  com¬ 
mittee  on  standards? 

Mr.  Munroe;  My  motion  is  that  this 
matter  be  referred  to  the  committee  on 
standards  to  prepare  such  a  table  as  I 
have  referred  to. 

(The  motion  was  seconded  and  carried.) 

Mr.  Morgan:  I  think  I  can  help  Mr. 
Munroe  out  a  little  bit.  I  am  familiar 
somewhat  with  the  practice  in  the  East 
with  two-pipe  work,  and  I  know  consider¬ 
able  about  the  single  valve  system  we  use 
in  the  West  largely.  I  think  the  original 
idea  of  the  single  valve  system  was  to 
combine  both  sizes,  the  two  sizes  usually 
used  in  the  East,  into  a  single  pipe,  and 
just  avoid  running  one  extra  pipe.  In  our 
practice  here  we  used  to  use  nothing 
smaller  than  one  inch,  and  on  that  we 
would  use  nothing  larger  than  a  20-foot 
radiator,  and  up  to  50  feet  we  would  use 
i^,  and  above  75  a  2-inch  pipe.  I  have  in 
mind  in  the  city  of  Chicago  an  apparatus 
which  has  three  eighty-feet  radiators  with 


inch  and  a  quarter  risers,  with  i-inch 
return,  and  it  works  very  nicely;  there  is 
no  difficulty  at  all.  That  is  a  good  deal  of 
radiation  on  an  inch  and  a  quarter  pipe, 
and  in  2-pipe  work  it  is  entirely  feasible. 
For  instance,  Mr.  Munroe  spoke  of  run¬ 
ning  3j^-inch  overhead  system  risers  down 
and  ending  in  Ij4-inch  return;  it  is 
my  opinion  that  an  inch  and  a  half  pipe  for 
fully  100  feet  would  be  just  as  good  as  3- 
inch  pipe,  because  there  is  no  conflict  be¬ 
tween  the  steam  and  the  water.  The 
water  is  always  going  ahead,  and  it  is  al¬ 
ways  traveling  on  its  downward  force.  If 
your  risers  go  the  other  way  the  pipe 
should  be  increased,  going  up. 

Mr.  Munroe:  That  is  the  exact  condi¬ 
tion  I  have  before  me.  I  think  the  plan 
was  prepared  by  a  member  of  your  society, 
and  why  he  should  name  3^-inch  risers 
in  a  job  ending  with  iJ/2-inch  pipe  only  48 
feet,  I  can’t  understand. 

TOPIC 

Can  Area  of  Mains  in  Overhead  Systems 
of  Hot  Water  Heating  Be  Reduced  with 
Benefit? 

The  Secretary:  I  might  say  what  my 
experience  has  been.  I  think  that  you  can 
do  overhead  hot  water  work  with  smaller 
area  of  mains  and  drops  than  you  can 
with  the  bottom  feed  or  the  upward  feed. 
But  my  experience  has  been  in  general 
practice,  the  difference  was  simply  some¬ 
where  in  the  neighborhood  of  25  per  cent., 
and  I  think  that  the  sizes  that  are  in  gen¬ 
eral  use  all  over  the  country  to-day  are 
the  proper  sizes,  from  good  engineering 
experience;  and  that  we  are  running  pretty 
close  together,  and  to  reduce  below  those 
sizes  would  be  an  experiment,  and  that  as 
good  results  would  not  be  obtained  as 
where  the  engineer  in  charge  used  the 
present  sizes.  The  present  practice  in  my 
mind  is  about  right;  for  while  some  may 
require  abnormally  large-sized  pipe,  any¬ 
thing  below  those  in  general  use  to-day 
would  be  a  mistake,  and  would  lead  to  bad 
results. 

The  Friday  afternooon  session  was 
opened  with  the  reading  of  the  paper  by 
Prof.  J.  D.  Hoffman,  of  Purdue  Univer¬ 
sity.  on  the  subject  of  central  station  hot 
water  heating. 


J^otes  on  the  Design  of  Central^ Station  Hot 
Water^Heating  Systems 


By  J.  D. 

I.  The  success  attending  the  operation 
of  central  heating  plants  has  been  vari¬ 
able  ;  some  have  worked  satisfactorily  and 
others  have  been  failures.  The  few  in¬ 
stallations  that  were  first  put  in,  however 
defective  they  may  have  been,  fortunately 
served  to  stimulate  rather  than  to  dis¬ 
courage  progress  in  this  line,  and  as  a 
result  in  localities  where  conditions  seem 
to  offer  special  inducements,  such  plants 


Hoffman 

are  regarded  with  great  favor.  In  the  last 
few  years  a  fruitful  field  for  the  applica¬ 
tion  of  such  systems  has  been  opened  up 
in  the  Central  West,  especially  such  por¬ 
tions  of  it  as  have  previously  been  blessed 
with  natural  gas.  The  cheapness  of  the 
gas  as  a  fuel  and  the  great  convenience 
attending  its  use  have  up  to  this  time 
served  as  barriers  to  other  methods  of 
heating.  Now  that  the  supply  of  gas  is 
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becoming  so  limited  as  to  demand  some 
other  system,  people  are  choosing  be¬ 
tween  the  private  heating  plant,  furnace, 
steam  or  hot  water  and  the  central  or  dis¬ 
trict  system.  The  element  of  economy  en¬ 
ters  in  the  selection  of  the  system,  but 
that  of  personal  convenience  in  handling 
and  operating  is  one  of  the  controlling 
factors. 

Owing  to  the  great  field  which  now 
seems  to  be  opening  up  along  the  line  of 
central-station  heating,  the  time  seems  ripe 
for  a  general  interchange  of  opinion  con¬ 
cerning  the  design  of  such  systems.  The 
importance  of  the  subject  cannot  be  ques¬ 
tioned,  and  since  the  society  has  not  touch¬ 
ed  upon  it  to  any  great  extent,  it  is 
hoped  that  this  paper  may  be  taken  as  an 
initiative,  and  that  it  may  provoke  friend¬ 
ly  discussion  among  the  members,  so  that 
in  meetings  following  this,  other  papers’ 
upon  other  phases  of  the  subject  may  be 
presented. 

Many  articles  are  to  be  found  in  the 
technical  press  on  central-station  or  dis¬ 
trict  heating,  but  these  give  mainly  de¬ 
scriptions  of  the  equipment  and  method  of 
operation  without  entering  into  the  reasons 
underlying  the  design  of  the  various  parts. 
The  subject  of  heat  transmission,  when 
applied  to  actual  cases,  is  one  that  follows 
closely  to  the  theoretical  development,  and 
it  is  natural  to  assume  that  this  branch 
of  it  will  permit  rational  deductions.  Be¬ 
cause  of  this  assumption,  therefore,  and 
because  there  is  so  little  precedent  to  fol¬ 
low,  also  because  there  are  others  in  the 
society  who  are  so  well  informed  along 
the  lines  here  discussed,  the  writer  feels 
some  hesitation  in  submitting  this  contri¬ 
bution  for  the  close  analysis  which  it  is 
sure  to  receive. 

No  great  degree  of  originality  need  be 
claimed  in  the  methods  employed  in  the 
paper;  rather,  there  has  been  an  attempt 
to  follow  out  logically  and  in  sequence  the 
various  points  of  a  typical  design  along 
existing  and  well-known  lines,  so  as  to 
point  out  how  such  work  may  be  done. 

2.  Conditions  to  be  Fulfilled. — In  the 
following  only  two-pipe  hot-water-heating 
is  considered.  A  certain  portion  of  an 
imaginary  city.  Fig.  i,  is  assumed  as  avail¬ 
able  territory.  In  this  territory  is  located 
an  electric  lighting  plant  (A)  having  a 
maximum  output  of  250  K.  W.  or  ap¬ 
proximately  333  H.  P.  In  connection  with 
this  lighting  plant  is  installed,  as  an  in- 
teo^ral  part,  a  hot-water-heating  system 
using  the  exhaust  steam  from  the  lighting 
engines  in  reheaters  to  heat  water  which 
in  turn  is  forced  through  the  street  mains 
to  the  various  houses.  The  maximum 
amount  of  heating  surface  to  be  supplied 
from  this  power  plant  is  taken  at  not 
greater  than  100.000  square  feet. 

3.  Territory  to  Be  Occupied  and  Gallons 
c  f  Water  Needed. — To  obtain  an  estimate 
of  the  number  of  houses  that  can  be  heat¬ 
ed  and  the  possible  territory  covered,  it  is 
necessary  to  know  the  amount  of  heat  lost 


per  hour  from  the  average  residence  and 
then  from  the  average  square.  Take  as  a 
unit  of  measurement  a  12-foot  by  15-foot 
by  lo-foot  corner  room  having  three  3- 
foot  by  6-foot  windows,  located  on  the 
first  floor  in  any  residence  and  apply  the 
formula  given  in  Carpenter’s  Heating  and 
Ventilating  of  Buildings,  page  70.  The 
heat  loss  from  this  room  is 

(W  NC\ 

G  -\ - 1 - I  (/  —  /'),  where 

4  55  / 


PROFESSOR  JAMES  D.  HOFF.MAN, 
Associate  Professor,  EngineerinR  Design,  Purdue 
Univer.sity,  I.a  Fayette,  Ind. 


G  =  area  of  the  glass  =  54. 

W  =  area  of  exposed  walls  =  216. 

C  =  volume  of  the  room  =1,800. 

N  =  changes  of  air  in  the  room  per 
hour  =  say  2. 

t  =  temperature  of  the  room  air  =  70®. 

t'  =  temperature  of  the  outside  air  = 
0°. 

Substituting  in  the  above,  we  find  the 
heat  loss  from  such  a  room  per  hour  to  be 
12,145  B-  T.  U.  To  determine  the  amount 
of  water  necessary  to  pass  through  the 
radiators  to  supply  this  heat  loss,  assume 
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the  water  to  enter  the  radiator  at  175  de- 
jjrees  and  leave  the*  radiator  at  155  de¬ 
grees,  giving  off  approximately  20  B.  T. 
LT.  per  pound  in  the  residence.  If  this 
room  were  supplied  by  heat  from  a  cen¬ 
tral  station  there  would  be  an  approximate 
loss  in  the  street  mains  of  5  degrees  com¬ 
ing  and  5  degrees  returning,  which  makes 
an  additional  loss  of  about  10  B.  T.  U. 


water  per  hour.  To  find  the  square  feet 
of  hot-water  heating  surface  to  heat  this 
room  we  have 

Radiation  =  12,145  1.7  (T  —  0, 

where  T  is  the  average  temperature  of  the 
water  within  the  radiator  =  165  degrees ; 
f  is  the  temperature  of  the  room  =  70 
degrees  and  1.7  is  the  heat  transmission 


per  1)01111(1  of  water.  Considering  the  ra-  through  one  square  foot  of  cast  iron  ra¬ 
diator  itself,  it  will  require  12.145-^20=  diation  per  hour  per  degree  difference  in 

f)07  pounds  of  water  per  hour.  This  is'  temperature.  From  this  we  obtain  the  re¬ 
equivalent  to  72.7,  say.  73  gallons  of  (luirement  of  approximately  73  square  feet 
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of  water  heating  surface.  This  makes  one 
gallon  of  water  per  hour  for  each  square 
foot  of  heating  surface  in  the  room. 

The  assumed  room  may  be  taken  as  an 
average  of  most  rooms  in  residence  heat¬ 
ing,  and  in  moderately  cold  weather  with 
a  house  of  ordinary  construction  the  above 
figures  would  hold  good.  In  case  of  ex¬ 
treme  cold  weather  or  poor  house  con¬ 
struction,  the  temperature  of  the  water 
may  be  raised.  It  is  not  an  uncommon 
thing  to  have  the  temperature  of  the 


the  room  to  take  care  of  almost  any  un¬ 
usual  heat  loss. 

Each  residence  square  is  taken  at  3,SOO 
square  feet  of  heating  surface,  and  each 
business  square  at  7,000  square  feet.  Al¬ 
lowing  20  residence  squares  and  4  busi¬ 
ness  squares  as  indicated  within  the  limits 
of  the  dotted  lines.  Fig.  i,  we  have  ap¬ 
proximately  100,000  gallons  of  water 
moved  through  the  system  each  hour. 
This  will  require  the  pumps  at  the  power 
plant  to  deliver  28  gallons  per  second. 


water  in  the  radiators  near  200  degrees, 
’lliis  would  permit  the  same  volMme  of 
water  to  p»ss  the  radiator  per  hour  and 
still  provide  enough  additional  heat  to 


4.  Size  of  the  Mains. — Having  given  the 
requirement  of  the  plant  at  28  gallons 
ojF  water  per  second,  the  area  of  the  main 
at  the  power  plant  can  he  obtained  as 
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follows:  In  a  two-pipe  (main  and  re¬ 
turn)  hot- water  system,  take  the  velocity 
of  the  water  at  the  power  plant  at  7  feet 
j)er  second,  and  in  the  outlying  mains  at 
5  feet  per  second.  Allowing  7  feet  per 
.second,  the  area  of  the  pipe  is  76.5  square 
inches,  which  is  equivalent  to  a  pipe  of 
10  inches  diameter.  In  the  same  way  with 
an  assumed  velocity  of  5  feet  per  second, 
mains  at  any  point  toward  the  end  of  the 
run  may  be  obtained. 

Referring  to  Fig.  i,  which  gives  the 
proposed  layout  of  the  pipes  for  the  dis¬ 
trict,  the  sizes  of  the  mains  would  be 
calculated  beginning  at  the  power  plant. 
Knowing  the  amount  of  water  to  be  sup- 

1) !ied  by  each  one  of  the  mains,  any  di¬ 
ameter  may  be  obtained  by  assuming  the 
velocity  varying  from  5  to  7  feet  per  sec¬ 
ond  as  previously  suggested.  It  is  desir¬ 
able  to  have  service  pipes  as  large  as  pos¬ 
sible  consistent  with  the  difficulties  which 
will  be  met  in  installing  the  same.  Where 
two  pipes  are  run  in  the  same  conduit  a 
diameter  of  10  inches  in  each  main  can 
be  laid  without  great  difficulty,  but  to 
install  pipes  of,  say.  16  inches  or  more 
would  require  a  trench  of  such  a  size  that 
if  would  interfere  in  the  laying  of  other 
pipes  and  wires  under  a  city  street,  and 
this  is  seriously  objected  to  by  city  ordi¬ 
nances.  It  is  not  thought  advisable,  from 
the  standpoint  of  economy,  to  carry  more 
than  100,000  to  150,000  square  feet  of  sur¬ 
face  on  the  average  lighting  plant,  hence 
a  lO-inch  to  12-inch  main  would  in  few^ 
cases  be  exceeded. 

5.  Circulating  Pumps. — To  circulate  the 
water  through  the  mains  it  is  necessary  to 
have  some  pump  service  attached.  The 
j)umps  are  located  on  the  return  line  (Fig. 

2)  near  where  it  enters  the  building,  and, 
providing  an  expansion  tank  is  used,  they 
should  take  the  water  directly  from  it. 
'I'he  pumps  may  be  either  of  the  horizon¬ 
tal  reciprocating  type  or  of  the  centrifu¬ 
gal  type.  After  selecting  the  type  of  the 
pump  it  should  be  installed  in  duplicate  in 
such  a  way  that  one  or  both  pumps  may  be 
used  according  to  the  requirements  of  the 
system.  The  principal  reason  for  instal¬ 
ling  in  duplicate  is  that  in  case  of  a  break- 
<lown  to  any  one  pump,  the  other  pump 
used  under  heavy  load  will  be  able  to  per¬ 
form  the  duty  while  the  broken  one  is 
being  repaired.  It  seems  reasonable  to 
assume  that  each  pump  should  have  a  ca¬ 
pacity  of  about  three-fourths  of  the  max¬ 
imum  requirement  of  the  system.  This 
would  make  both  pumps  operated  jointly 
to  have  a  total  value  of  50  per  cent,  ex¬ 
cess  over  maximum  requirement.  Apply¬ 
ing  these  assumptions,  we  would  have  each 
pum]>  capable  of  supplying  1,800.000  gal¬ 
lons  each  twenty-four  hours,  or  21  gal¬ 
lons  of  water  per  second.  Since  pumps 
are  usually  rated  by  the  million  gallons 
<lelivered  every  twenty-four  hours,  the 
rated  capacity  of  each  pump  installed 
would  probably  be  1^  million  gallons. 
The  sizes  of  the  pumps  would  naturally 


be  taken  from  the  sizes  guaranteed  by  the 
various  manufacturers. 

6.  Reheaters. — In  the  general  layout  of  , 
the  plant  the  reheaters  should  be  located 
close  to  the  pumps  and  on  the  high-pfes- 
sure  side.  These  reheaters  will  be  of  the 
surface  type  similar  to  a  surface  conden¬ 
ser,  and  may  or  may  not  be  installed  in 
duplicate.  In  any  case  they  should  be  so 
piped  that  a  part  or  all  of  the  water  in 
the  systems  may  be  passed  through  them 
as  necessity  requires;  also  that  the  exhaust 
steam  which  is  piped  from  the  engine  will 
have  proper  drip  connections  to  a  con¬ 
denser  pump.  The  condenser  should  de¬ 
liver  the  water  of  condensation  as  indi¬ 
cated  to  the  boilers  as  feed  water  or  to 
the  heating  system. 

Assuming  only  one  reheater  to  be  instal¬ 
led.  and  knowing  the  amount  of  steam 
that  will  be  given  off  from  the  engines 
per  hour,  the  following  important  features 
may  be  determined :  First,  the  size  of  the 
water  pipe  leading  to  and  from  the  re- 
heater;  second,  the  number  of  square  feet 
of  heating  surface  in  the  reheater;  third, 
the  size  of  the  pipe  for  steam  connections ; 
and.  fourth,  the  size  of  the  pipe  for  the 
water  of  conden.sation. 

For  our  design  assume  an  average 
lighting  plant  having  a  maximum  engine 
capacity  of  320  H.  P.,  using,  say,  30 
pounds  of  steam  per  H.  P.  hour,  or  a 
total  of  9,600  pounds  of  steam  per  hour. 
In  a  plant  of  this  size  there  would  also 
be  pump  service  valued  from  10  to  15  per 
cent,  of  the  engine  capacity,  but  in  this 
case  only  engine  service  is  considered. 
Exhaust  steam  under  a  pressure  of  19 
pounds  per  square  inch  has  a  total  heat 
above  zero  of  1,182.62  B.  T.  U.  The  tem¬ 
perature  of  the  exhaust  steam  is  225  de¬ 
grees,  and  the  temperature  of  condensa¬ 
tion  is  212  degrees.  We  have  then  970.62 
B.  T.  U.  given  up  per  pound  of  steam, 
making  a  total  of  9,317,952  B.  T.  U.  per 
hour.  On  the  water  side  of  the  tubes  the 
circulating  water  will,  according  to  previ¬ 
ous  assumptions,  enter  at  about  150  de¬ 
grees  F.  and  leave  at  180  degrees  F.,  tak¬ 
ing  up  as  it  passes  through  the  reheater 
.|o  B.  r.  U.  per  pound  of  water.  From 
this  we  find  310.598.4  pounds  of  water 
per  hour  needed  to  absorb  all  this  lieat. 
Since  i  cu.  in.  of  water  at  180  degrees 
F.  weighs  .035  pounds,  we  have  8,874,240 
cu.  in.  of  water  passed  through  per  hour. 
If  the  velocity  of  the  circulating  water  is 
taken  at  5  feet  per  second  in  the  feed 
and  delivery  pipes  the  diameter  would  be 
8  inches.  To  obtain  the  best  service  from 
the  plant  it  would  be  well  to  have  the 
water  pass  through  the  reheaters  and 
pipes  as  slowly  as  possible.  Since  it 
would  be  necessary  to  put  in  an  8-inch 
pipe  to  obtain  a  5-foot  velocity,  it  might 
be  well  to  increase  this  to  10  inches,  the 
same  as  the  outside  main  and  permit  the 
passage  of  all  the  water  of  the  system 
through  the  i;pheater  at  a  velocity  of  7 
feet  per  second.  This  might  be  necessary 
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in  case  of  any  break-down  to  the  heating 
boilers,  in  which  emergency  live  steam 
can  be  added  to  the  exhaust  steam  in  the 
reheater  to  make  up  the  deficiency  for  the 
supply  of  heat. 

■  Concerning  the  best  velocity  of  the 
water  in  the  reheater  itself  there  may  be 
more  difference  of  opinion ;  probably  4 
feet  per  second  will  give  the  best  results. 
From  this  the  free  area  of  the  tubes  would 
be  134  square  inches.  If  the  tubes  be 
taken  ^  inch  outside  diameter  with  the 
thickness  of  17  S.  W.  G.  and  arranged 
as  shown  in  Fig.  3  it  will  require  425 
tubes  and  a  shell  diameter  of  approxi¬ 
mately  30  inches. 

To  obtain  the  heating  surface  of  the 
tubes  we  should  know  the  rate  of  heat 
transmission  through  them.  This  is  not 
easy  to  do,  since  the  clean  tube  will  be 
much  more  efficient  than  the  one  that  has 
seen  some  service.  For  clean  tubes  and 
volumes  of  water  less  than  1,000  pounds 
per  square  foot  of  heating  surface  per 
hour.  Carpenter  quotes,  page  89,  427  B. 
T.  U.  per  degree  difference  in  temperature. 
Since  the  average  heater  tube  is  seldom 
capable  of  delivering  more  than  50  per 
cent,  of  the  maximum  transmission  it  will 
be  so  considered  in  this  case.  With  a  tem- 
iperature  of  the  steam  in  the  reheater  at 
225  degrees  and  the  average  temperature 
on  the  water  side  (180 -j- 150) -i- 2  =  165 
degrees,  we  have  60  degrees  difference  be¬ 
tween  the  temperatures  of  the  two  sides. 
From  this  the  heating  surface  may  be  ob¬ 
tained  for  the  heater  from  the  formula 


T.  U.  per  hour,  we  have  932  square  feet 
of  surface  or  nearly  3  square  feet  of  ^sur¬ 
face  for  each  horse  power  of  the  engine. 

An  impirical  formula  for  the  amount  of 
heating  surface  in  a  heater  may  be  taken 
from  the  International  Correspondence 
School,  which  is  as  follows : 

S  =  .0944  IF 


where  W  is  the  total  weight  of  the  steam 
used  per  hour.  This  gives  906.2  square 
feet,  checking  very  closely  with  3  square 
feet  of  surface  for  each  horse  power. 

Summing  up  the  formulas  as  stated,  it 
seems  best  to  recommend  the  use  of  2.5 
square  feet  of  heating  surface  per  horse 
power  when  using  steam  at  30  lb.  per 
horse  power  hour. 

The  diameter  of  the  exhaust  steam  pipe 
leading  into  the  reheater  may  be  taken 
from  the  formula  in  Carpenter,  page  284, 
where 


d  = 


/  m2. 

'V  1.23  • 


This  gives  the  diameter  of  the  exhaust 
pipe  10  inches. 

The  diameter  of  the  pipe  leading  to  the 
condenser  pump  will  naturally  be  taken 
from  the  catalogue  size  of  the  pump  in¬ 
stalled.  This  pump  would  be  selected 
from  capacities  as  guaranteed  by  the  re¬ 
spective  manufacturers  and  should  be  cap¬ 
able  of  handling  the  amount  of  water  that 
is  condensed  from  the  engine. 

The  reheater  may  also  be  provided  with 
a  live  steam  inlet  to  be  used  when  the 


H.  S.  = 


Total  heat  given  up  by  engines  per  hour 
Heat  transmitted  ibrougti  i  sq.  ft.  of  surface  per  hour 


Substituting,  we  have  9,317,952  (427  X 

.5  X  60)  =  727  sq.  ft.  This  would  be 
equivalent  to  2.27  square  feet  of  surface 
for  each  engine  horse  power.  If  the  in¬ 
ner  surface  of  the  tube  be  taken  as  the 
measurement  of  the  heating  surface  and 
the  total  surface  be  727  square  feet,  the 
length  of  our  reheatcr  tubes  would  be  10 
feet. 

Checking  the  heating  surface  with  Whit- 
ham  Steam  Engine  Design,  page  283,  we 
have  for  very  similar  conditions  1,083 
.square  feet.  ‘  Also,  in  Sutcliflfe  Steam 
Power  and  Mill  Work,  page  512,  we  find 
that  condenser  tubes  set  in  the  ordinary 
way  have  a  condensing  power  equivalent 
to  an  absorption  of  13.000  B.  T.  U.  per 
square  foot  per  hour  when  the  condensing 
ivater  is  supplied  at  60  degrees  and  rises 
to  90  degrees,  a  difference  of  30  degrees 
as  in  the  preceding  cases.  This  rate  of 
transmission  will  give  716  square  feet  of 
surface.  The  same  reference,  however, 
says  that  although  13.000  B.  T.  U.  per 
square  foot  per  hour  may  be  easily  trans¬ 
mitted  under  favorable  conditions,  it  is 
wise  to  design  only  for  the  transmission 
of  10.000  B.  T.  U.  per  square  foot  per 
hour,  which  will  give  a  greater  margin 
for  the  -use  of  w’ater  at  a  higher  tempera¬ 
ture.  With  a  transmission  of  10,000  B. 


exhaust  steam  is  not  sufficient.  High- 
pressure  steam  is  then  used  through  a  re- 
ctucing-pressure  valve.  A  li/2-inch  pipe 
w'ill  probably  .suffice.  There  is  some  ques- , 
tion  concerning  the  advisability  of  doing 
this.  Some  prefer  to  install  a  small-sized 
reheater  for  live  steam  to,  be  used  inde¬ 
pendently  of  the  exhaust-steam  reheaters. 
This  permits  the  use  of  high-pressure 
steam  without  in  any  way  affecting  the 
back  pressure  on  the  engine. 

An  exhaust-steam  reheater  can  be  used 
with  either  condensing  or  non-condensing 
engines.  With  condensing  engines  it  is. 
lilaced  between  the  engine  and  the  con¬ 
denser.  During  a  good  portion  of  the  sea¬ 
son.  when  the  outside  temperature ,  is  fair¬ 
ly  high,  a  low  temperature  is  maintained 
on  the  circulating  water,  say  130  degrees 
to  140  degrees,  and  a  fairly  high  vacuum 
18  to  20  inches  can  be  maintained  on  the 
engine.  During  severe  weather  the  vacuum 
may  not  run  above  12  to  15  inches.  In 
such  cases  the  engine  may  be  run  non¬ 
condensing  if  desired.  On  warmer  days, 
when  but  a  little  heat  is  required,  or  in 
the  summer  time  when  it  is  cut  off  entire¬ 
ly.  the  engine  will  be  running  with  an  or¬ 
dinary  vacuum  of,  say,  26  inches.  In  most 
cases,  such  plants  are  installed  non-con¬ 
densing.  •  Steam  is  then  used  at  a  higher 
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temperature  in  the  reheater  than  when  run 
condensing  and  requires  less  tube  sur¬ 
face.  During  the  heating  season,  when 
the  exhaust  steam  is  used  for  heating  pur¬ 
poses,  such  an  engine  gives  better  service 
than  a  condensing  engine  run  at  varying 
degrees  of  vacuum;  however,  on  the  other 
hand,  in  the  summer  time  the  exhaust 
steam  will  be  largely  thrown  away. 

It  has  been  the  experience  of  some  who 
have  operated  such  plants  that  when  more 
heat  is  needed  than  can  be  supplied  by 
the  exhaust  steam  the  advantage  lies  with 
heating  boilers,  and  when  these  are  in 
good  condition  a  greater  degree  of  econ¬ 
omy  may  be  found  in  them  than  in  turn¬ 
ing  live  steam  into  either  the  exhaust  or 
the  live  steam  reheaters. 

7.  Feed  Water  Heaters. — In  connection 
with  the  reheaters  for  the  circulating  sys¬ 
tem  a  feed-water  heater  will  also  be  put 


instead  of  one.  In  no  case  is  it  possible' 
to  take  out  the  entire  amount  of  oil,  but 
with  a  good  arrangement  of  the  system 
more  than  95  per  cent,  should  be  re¬ 
moved. 

9.  Boilers. — A  number  of  boilers  will 
necessarily  be  installed  in  a  plant  of  this 
kind,  and  a  good  scheme  is  to  have  them 
so  piped  with  water  and  steam  headers 
that  any  number  of  the  boilers  may  be 
used  for  steaming  purposes  and  the  rest 
as  water  heaters.  They ‘should  also  be  so 
arranged  that  any  of  the  boilers  may  be 
thrown  out .  of  service  for  cleaning  and 
still  carry  on  the  work  of  the  plant.  By 
doing  this  the  boiler  plant  becomes  very 
flexible  and  each  boiler  an  independent 
unit.  Any  good  water-tube  boiler,  such 
as  the  Babcock  and  Wilcox,  Stirling, 
Wickes  and  others  that  might  be  men¬ 
tioned,  would  serve  the  purpose  both  as 
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in  if  the  plant  is  non-condensing.  This 
feed-water  heater  may  or  may  not  be  used 
during  the  winter  time,  but  in  the  sum¬ 
mer  time,  when  the  heating  system  is  not 
m  use,  it  would  serve  to  heat  the  feed 
water  for  the  boiler.  Exhaust  steam  from 
the  engines  must  then  connect  with  both 
the  reheaters  and  the  feed- water  heater. 

8.  Oil  Separators. — An  oil  separator 
must  be  placed  between  the  engine  and  the 
heaters  to  remove  as  much  of  the  oil  as 
possible  from  the  exhaust  steam  before  it 
enters  the  heater.  The  size  of  the  separa¬ 
tor  may  be  taken  directly  from  the  man¬ 
ufacturers’  catalogues.  Care  should  be 
exercised  in  selecting  the  type  of  separa¬ 
tors,  because  the  efficiency  of  the  heater 
depends  largely  on  keeping  the  surface  of 
the  tubes  free  from  oil  and  scale.  In 
some  systems  two  oil  separators  are  used 


steaming  and  heating  boilers.  Where  the 
boilers  are  used  as  heaters,  the  water 
should  enter  at  the  bottom  and  come  out 
at  the  top.  Where  the  water  enters  at 
the  top  and  comes  out  at  the  bottom,  the 
excessive  heating  of  the  front  row  of  tubes 
retards  the  circulation  of  the  water  in 
these  tubes  because  of  the  natural  draft 
given  to  the  water  by  this  heat,  and  pro¬ 
duces  a  heavy  circulation  through  the  rear 
tubes  where  the  heat  is  the  least.  This 
heavy  circulation  in  the  rear  tubes  is  not 
a  detriment,  but  it  is  less  needed  in  this 
row  of  tubes  than  in  the  front  ones.  It 
would  be  decidedly  better  if  the  heavy 
circulation  were  in  the  front  row,  causing 
the  heat  from  the  fire  to  be  carried  off 
more  readily,  and  by  this  means  giving 
less  danger  of  burning  the  tubes.  With  a 
downward  circulation  it  has  been  found 


16  THE  HEATING  AND  VENTILATING  MAGAZINE 

that  the  front  rows  of  tubes  soon  burn  pound  of  water  takes  up  30  B.  T.  U.  on 


out  and  have  to  be  replaced.  As  stated 
above,  the  water  should  enter  the  bottom 
and  come  out  at  the  top,  in  which  case 
the  circulation  through  the  front  row, 
where  the  fire  is  hottest,  is  greater  than 
in  the  rear  row,  because  the  forced  cir¬ 
culation  from  the  pumps  is  aided  by  the 
natural  circulation  from  the  heat.  The 
life  of  all  the  tubes  then  becomes  more 
uniform. 

10.  Economizers. — Another  method  of 
reheating  the  circulating  water  is  to  pass 
it  through  pipe  coils  located  in  the  smoke 
passage  between  the  boiler  and  the  stack. 
This  is  called  an  economizer.  Knowing 
the  temperature  of  the  stack  gases,  the 
area  of  the  economizer  surface  may  be 
estimated  as  in  the  reheaters.  The  amount 
of  coil  surface  in  an  economizer,  however, 
is  more  often  decided  by  other  things,  such 
as  the  location  and  the  cross  sectional 
area  of  the  smoke  passage  than  from  the 
theoretical  calculations.  It  is  never  ad¬ 
visable  to  seriously  restrict  the  smoke  flue, 
since  a  good  draft  is  necessary.  Where 
an  economizer  is  installed  the  free  area  at 
the  coils  must  equal  the  area  of  the  un¬ 
obstructed  flue. 

11.  — Piping  System. — All  piping  in  the 
power  plant  carrying  circulating  water 
should  have  long  radius  ells,  and  should 
be  so  laid  that  all  the  water  may  be  passed 
through  the  reheater,  all  through  the  heat¬ 
ing  boilers,  or  a  part  through  each  ac¬ 
cording  to  the  requirement  of  the  system. 
The  piping  at  the  pumps  should  be  so  ar¬ 
ranged  that  each  pump  may  be  operated 
independently.  This  may  be  done  by  con¬ 
necting  both  pumps  to  the  main  and  re¬ 
turn  through  long  radius  Y  fittings  having 
each  branch  properly  valved. 

12.  Regulation. — The  regulation  of  the 
heat  within  the  residences  is  controlled  at 
the  power  plant.  In  most  heating  plants 
a  schedule  is  posted  at  the  power  house 
which  tells  the  engineer  the  necessary  tem¬ 
perature  of  the  circulating  water  to  keep 
the  interior  of  the  residences  to  70  de¬ 
grees  at  any  outside  temperature.  lu 
other  heating  plants  the  regulation  is  bv 
means  of  air  carried  from  the  compressor 
at  the  power  house  through  a  main  run¬ 
ning  parallel  with  the  water  mains  in  the 
conduits  and  branching  to  each  building 
where  it  is  used  under  a  pressure  of  15 
pounds  to  operate  thermostats,  which  in 
turn  control  the  water  inlets  to  the  radi¬ 
ators.  A  closer  regulation  is  obtained  in 
the  latter  system  than  in  the  former,  biU 
it  is  needless  to  say  that  the  thermostats 
require  careful  adjustments  and  frequent 
inspections. 

13.  Square  Feet  of  Radiation  that  can  be 
Supplied  by  One  Boiler  Horse  Power 
when  Used  as  a  Heater. — Assuming  that 
coal  would  be  used  in  the  plant  with  a 
value  of  12.000  B.  T.  U.  per  pound,  and 
that  the  efficiency  of  the  boiler  be  60  per 
cent.,  each  pound  of  coal  will  transmit  to 
the  boiler  7,200  B.  T.  U,  Since  each 


its  passage  through  the  heating  boiler, 
one  pound  of  coal  will  heat  240  pounds  or 
28.8  gallons  of  water.  This  is  equivalent 
to  supplying,  under  extreme  conditions  of 
heat  loss,  28.8  square  feet  of  radiation.  In 
condensing,  low-pressure  steam  gives  up 
approximately  its  latent  heat,  or  about  966 
B.  T.  U.  per  pound,  and  since  each  boiler 
horse  power  is  equivalent  to  34.5  pounds 
of  water  evaporated  at  atmospheric  pres¬ 
sure,  we  have  one  boiler  horse  power  equal 
to  33.327  B.  T.  U.  Now  since  each  pound 
of  coal  transfers  to  the  water  7,200  B.  T. 
U.,  one  boiler  horse  power  would  require 
33*327  7,200  =  4.63  pounds  of  coal.  One 

pound  of  coal  we  found  to  supply  28.3 
square  feet  of  radiation,  consequently  one 
boiler  horse  power  would,  from  the  above 
figures,  supply  4.63X28.8=133.24  square 
feet  of  radiation.  Boilers  are  usually  es¬ 
timated  for  service  per  each  100  H.  P., 
consequently  a  100  H.  P.  boiler  woubl 
supply  13.324  sfiuare  feet  of  water-heating 
surface. 

These  figures  have  reference  to  boilers 
under  good  working  conditions  and  prob¬ 
ably  give  average  results.  From  tests 
made  on  one  station  of  about  the  capacity 
of  this  one,  it  was  found  that  about  50 
per  cent,  of  the  entire  coal  fed  to  the  heat¬ 
ing  boilers  could  be  saved  by  using  ex¬ 
haust  steam  from  the  lighting  engines  in 
the  reheaters.  It  would,  therefore,  show 
that  a  100  H.  P.  boiler  in  connection  with 
this  one  lighting  plant  could  be  estimatefl 
at  about  ^,668  square  feet  of  radiation. 
'I'his  figure,  of  cour.se.  would  hold  good 
only  during  the  time  when  the  electric 
lighting  engines  are  in  full  service.  If 
boilers  are  estimated  at  the  latter  values 
it  wo ‘Id  be  necessary  when  the  lighting 
service  becomes  low  to  take  live  steam 
from  the  steaming  boilers  and  turn  it  into 
the  reheaters  to  take  the  place  of  the  ex¬ 
haust  steam  from  the  engine,  or  to  turn 
one  of  the  steaming  boilers  into  a  heat¬ 
ing  boiler  temporarily.  As  a  fair  es¬ 
timate  of  the  amount  of  boiler  service  to 
be  installed  in  the  plant,  it  is  suggested 
that  enough  boiler  horse  power  be  i)lace*l 
to  handle  the  steaming  boiler  service,  and 
then,  in  addition  to  this,  install  100  H.  P. 
of  heating  boilers  for  each  18.000  to  20,000 
square  feet  of  heating  surface  carried  on 
the  lines.  This  gives  some  excess  of  boiler 
capacity,  and  permits  one  or  more  of  the 
boilers  to  be  thrown  out  of  service  tem¬ 
porarily  for  repairs  and  cleaning. 

From  the  above  figures  our  plant  will 
require,  exclusive  of  pumps  and  smaller 
pieces  of  machinery.  800  H.  P.  boiler  ser¬ 
vice.  This  may  be  installed  in  three  units 
of  275  H.  P.  each,  or  in  four  units  of 
200  il.  P.  each. 

14.  Cost  of  Heating  from  a  Central  Sta¬ 
tion. — It  will  be  of  interest  in  this  con¬ 
nection  to  estimate  the  actual  cost  in  sup¬ 
plying  heat  to  one  square  foot  of  hot 
water  radiation  per  year  from  the  average 
central  station.  In  doing  this  make  the 
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boiler  assumptions  as  above.  'I'ake  coal  at 
12.000  B.  T.  U.  per  pound  with  a  boiler 
efficiency  of  6o  per  cent,  and  coal  at  2,000 
pounds  per  ton.  Water  enters  the  boiler 
at  150  degrees  from  the  returns,  and  is  de¬ 
livered  to  the  mains  at  180  degrees.  From 
the  value  of  the  coal  as  stated,  we  would 
have  14,400,000  B.  T.  U.  per  ton  given  off 
to  the  water.  This  is  equivalent  to  heat¬ 
ing  480,000  pounds,  or  57,554  gallons  of 
water.  If  one  ton  of  coal  costs,  say,  $2.50 
at  the  plant,  we  have 

250  57.554  =  0043  cents. 

This  represents  the  amount  paid  to  re¬ 
heat  one  gallon  of  water,  or  to  supply  one 
square  foot  of  heating  surface  one  hour 
under  extreme  conditions.  Take  an  av¬ 
erage  temperature  for  the  seven  cold 
months  at,  say,  32  degrees  Fahrenheit 
(figured  about  as  follows;  October,  50  de¬ 
grees  ;  November,  30  degrees ;  December. 
15  degrees ;  January,  10  degrees ;  February. 
20  degrees ;  March,  40  degrees ;  April,  60 
degrees),  we  then  have  an  average  differ¬ 
ence  between  the  inside  and  outside  tem¬ 
peratures  in  any  residence  of  70 —  32  =  38. 
This  makes  the  formula  for  the  heat  loss 
reduce  to  38  -j-  70  =  .54  of  its  former 
value.  Now  if  it  takes  one  gallon  of 
water  per  square  foot  of  radiation  per 
hour  under  maximum  conditions,  we  have 
for  the  seven  months  .54  X  7  X  30  X  24  = 
2.722  gallons  of  water  needed  for  each 
square  foot  of  radiation  per  each  heating 
year.  This  is  equivalent  to  2.722  X  .0043  = 
12  cents  per  square  foot  of  radiation  for 
the  heating  year  of  seven  months. 

Where  the  plant  is  working  under  the 
best  condition  this  figure  should  be  re¬ 
duced.  It  can  be  done  with  boilers  of  a 
higher  efficiency  than  that  stated,  'and  it 
can  be  done  by  using  a  cheaper  coal,  both 
of  which  are  possible  in  many  cases. 

DI.SCL’SSION 

Professor  Hoffman:  Section  T  deals  in 
the  field  of  operation  of  central  plants.  Not 
that  it  is  limited  to  this  alone,  but  rather 
there  seems  tt)  be  a  growing  demand  in 
such  localities — speaking  of  the  gas  belt 
especially.  I  do  not  mean  to  say  that 
there  is  a  special  demand  there,  but  it 
seems  to  me  there  is  a  growing  field  where 
there  is  an  outlook  for  the  heating  engi¬ 
neer  in  this  work.  Just  about  this  time 
the  work  is  dying  down,  so  far  as  gas  is 
concerned,  and  something  must  replace  it. 
It  is  a  question  whether  it  will  be  a  private 
plant  in  the  building,  or  whether  it  will 
be  a  central  plant  carrying  either  steam 
or  water  around  to  the  various  buildings. 
I  speak  also  of  my  reasons  for  working  up 
the  paper,  that  is,  that  I  expect  to  show  it 
in  somewhat  of  a  different  light  than  the 
ordinary  paper.  Not  that  it  is  any  better, 
but  that  other  methods  have  been  used  a 
great  deal. 

For  instance,  there  is  a  great  demand.  I 
think,  in  our  work  for  elements  of  design; 
not  that  we  want  to  discuss  the  generali¬ 
ties  of  various  designs,  but  simply  some 


one  design,  and  take  up  the  points  and 
discuss  them.  We  may  talk  a  long  while 
on  the  various  points  in  steam  and  hot 
water,  some  advocating  one  and  some  an¬ 
other,  and  in  the  end  it  will  do  but  very 
little  good;  but  if  we  take  up  some  one 
definite  thing,  then  we  are  limited  and  we 
can  bring  our  points  out  more  definitely. 

(Professor  Hoffman  then  summarized 
the  various  paragraphs  of  his  paper.) 

The  Chairman :  We  have  two  written 
discussions  on  Professor  Hoffman’s  pa¬ 
per;  I  will  ask  the  Secretary  to  read 
those. 

The  Secretary :  The  first  is  a  discus¬ 
sion  by  Professor  Kent.  He  asks,  “Why 
is  7  feet  per  second  taken  as  the  velocity 
of  w'ater  in  pipes  at  the  power  plant  in¬ 
stead  of  some  other  figure,  and  why  5 
feet  in  the  outlying  mains?” 

He  also  .says,  “Page  14,  heavy  circula¬ 
tion  ;  should  this  not  be  ‘rapid’  ?” 

Here  are  two  questions ; 

“Query :  What  is  the  best  system  of 
covering  pipes  and  of  making  conduits 
for  pipes  for  central  heating  stations?” 

“How  do  you  figure  the  probable  loss 
of  heat  in  transmission  from  a  central 
power  station  to  the  point  where  the  hot 
water  is  used  for  heating?”  Here  is  also 
a  discussion  from  Mr.  H.  J.  Barron. 

Mr.  Barron's  discussion,  in  part,  was  as 
follows ; 

Mr.  Barron :  I  question  the  word  “suc¬ 
cess”  in  Professor  Hoffman’s  valuable  pa¬ 
per.  1  think  engineers  to-day  feel  that 
it  is  difficult  to  make  central  station  heat¬ 
ing  pay,  and  yet  they  think  that  this 
ought  not  to  be  so;  I  propose  taking  the 
attitude  of  believing  that  before  long 
there  will  be  such  improvements  that 
heat  will  be  successfully  and  cheaply  dis¬ 
tributed  by  wire  as  power  and  light  are 
now,  and  that  pending  this  advance  in 
many  cases  it  is  better  to  use  exhaust 
steam  supplemented  with  live  or  its 
equivalent  than  hot  water.  Heat  is  pow¬ 
er,  and  we  know  that  it  is  very  difficult 
to  buy  it  cheap;  I  believe  the  central  sta¬ 
tion  is  evolving,  however,  in  the  direction 
of  being  the  sole  source  of  heat  and 
power  in  any  community. 

Now  the  secret  of  the  success  of  the 
hot  water  system  is  the  pump,  and  I 
would  suggest  that  the  same  be  applied 
to  circulating  exhaust  steam,  of  course, 
using  a  gas  compressor;  this  would  allow 
the  use  of  very  small  pipes. 

Mr.  Hoffman;  Answering  Professor 
Kent’s  question  as  regards  velocities  7 
and  5  feet  per  second,  as  to  how  I  ob¬ 
tained  those  velocities  and  why  not  some¬ 
thing  else  besides  the  7  and  5,  I  want  to 
say  right  here  that  I  did  not  take  that 
from  a  theoretical  standpoint  at  all,  but 
have  examined  a  number  of  plants,  and 
from  the  plants  have  worked  out — that  is, 
from  the  rapidity  with  which  the  pumps 
should^  move,  from  the  amount  of  water 
that  had  to  be  forced  through » and  from 
what  .1  considered  was  good,  heavy  s:eTv- 
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ice— found  that  about  7  feet  per  second 
was  about  what  they  were  doing;  and  it 
seemed  to  me  then  that  as  we  would 
leave  the  power  plant  and  approach  the 
•ends  of  the  line  the  friction  might  be 
somewhat  greater  than  we  cared  to  have 
if  the  pipes  were  kept  small,  and  it  would 
be  beneficial  to  increase  the  diameter  of 
the  pipe;  in  order  to  do  that,  just  drop 
down  to  5  feet  per  second  as  the  velocity. 
It  was  from  a  purely  practical  standpoint 
I  accepted  that  velocity  of  7  and  5.  As 
for  his  question  in  regard  to  the  word 
“heavy,”  I  think  probably  he  is  correct 
in  that.  I  am  in  the  habit  occasionally 
of  speaking  of  “heavy  circulation”  when 
I  mean  rapid  circulation.  I  expect  that 
while  the  one  is  not  wrong,  I  would  pre¬ 
fer  the  word  “rapid”  instead  of  “heavy.’* 

Mr.  Schott:  Professor  Hoffman,  yon 
•said  in  the  plants  you  examined  you 
found  the  velocity  5  to  7  feet  per  second. 
Is  it  not  a  fact  that  those  plants  were 
plants  what  you  would  term  “overload¬ 
ed?”  They  were  not  plants  working 
within  their  normally  rated  capacity, 
were  they? 

Mr.  Hoffman:  They  were  plants  that 
were  wi>rking  under  the  heating  surface 
of  a  cold  day,  and  working  at  what  1 
considered  a  maximum  load.  And  in  de¬ 
signing  a  system  I  take  the  maximum 
conditions  all  the  time.  For  example.  1 
take  the  heat  loss  as  figured  during  the 
<lay  and  zero  outside  temperature.  1  take 
the  conditions  as  a  maximum;  and  I  say 
I  should  not  go  above  a  certain  amount, 
and  I  get  the  maximum  load. 

Mr.  Schott:  I  think  you  will  find,  as  I 
take  it  from  your  paper  there,  the  capac¬ 
ity  that  you  specify  there  is  about  an  av¬ 
erage,  not  the  maximum.  You  can  take 
a  certain  amount  of  water  radiation,  if  the 
temperature  is  carried  as  you  have  car¬ 
ried  it;  but  when  you  get  down  to  10  or 
12  below  zero,  you  run  into  something 
fiifferent.  There  is  one  feature  that  is 
particularly  vital  in  a  plant  of  that  kind 
which  you  have  not  touched  on,  which  is 
just  as  important  as  the  plant  itself,  and 
that  is  the  rules  to  be  followed  in  the 
■equipping  of  buildings. 

Mr.  Hoffman:  I  want  to  say  that  the 
temperature  I  assumed  with  the  water 
leaving  the  reheaters — or  the  water  leav¬ 
ing  the  boiler.s — was  180  degrees.  There 
is  a  chance  to  increase  it  to  212  if  you 
wish.  I  have  almost  absolutely  the  con¬ 
ditions  of  that  plant  in  Lafayette. 

Mr.  Schott:  I  can  see  through  the 
whole  paper  the  Lafayette  test  because 
we  turned  it  over  to  the  University  there 
and  gave  them  all  the  freedom  and  as¬ 
sistance  we  could.  But  some  of  the  con¬ 
ditions  existing  the  first  year  under  the 
light  load  do  not  now  exist.  Taking  a 
plant  light  loaded,  as  compared  with  one 
heavy  loaded,  and  you  have  two  different 
propositions.  You  will  find  that  your  ef¬ 
ficiencies  change  very  rapidly  as  you  get 
high  velocity  in  your  circulating  water. 


Using  the  minimum  outside  temperature 
you  get  the  minimum  drop  in  your  mains 
due  to  the  more  rapid  circulation  in  the 
mains.  That  has  to  be  considered.  In 
giving  the  capacity  of  the  plant  you  must 
take  the  minimum  outside  temperature; 
we  figure  it  too  degrees  differential,  be¬ 
cause  the  difference  between  70  and  the 
temperature  you  get  and  the  allowance 
for  windage  will  require  that.  I  think 
you  will  l.e  short  when  it  comes  to  main¬ 
taining  an  average  of  70. 

Mr.  Hoffman:  I  have  still  another 
plant  in  mind  that  was  tested  two  years 
ago,  which  was  at  that  time  rated  0.6 
gallons  per  square  foot;  and  they  were 
carrying  at  that  time  fairly  steady  serv¬ 
ice;  and  it  was  below  zero  on  the  outside 
temperature,  and  they  figured  their  ra¬ 
diation,  and  the  amount  of  water  that 
they  put  through,  that  they  were  deliver¬ 
ing  0.6  gallons  per  square  foot  per  hour. 

]\lr.  Schott:  They  did  one  good  job,  if 
they  heated  that  with  radiation;  there  is 
where  they  all  fall  down. 

Mr.  Hoffman:  Well,  I  agree  with  you 
there. 

Mr.  Jewett:  The  capacity  of  the  mains 
obviously  under  forced  circulation  de¬ 
pends  upon  the  head  produced  by  the  cir¬ 
culating  pump;  and  I  only  got  up  to  say 
that  I  know  of  one  station  where  a  7-inch 
main  pipe  had  carried  1 10.000  square  feet 
of  radiation  in  15  degrees  below  zero 
weather  with  circulation  pressure  42 
pounds. 

.  Mr.  Schott:  Forty-two  pounds  differ- 
ent’al  ? 

M  r.  Jewett :  Yes. 

Mr.  Harvey  :  I  would  like  to  ask  some  of 
these  gentlemen  if  they  know  of  any  first 
class  central  heating  plant  that  has  paid 
any  dividends  after  the  first  five  years? 

Mr.  Schott:  I  will  answer  the  gentle¬ 
man’s  question.  I  would  like  to  say  that 
out  of  250  steam  plants  built  in  the  United 
States  very  few  of  them  have  been  divi¬ 
dend  payers.  Out  of  75,  or  approximate¬ 
ly  that  number  of  water  plants,  it  has 
been  very  hard  to  get  statistics,  due  to 
the  fact  that  they  have  slipped  their  heat¬ 
ing  income  in  with  their  electric  lighting. 
There  is  only  one  central  plant  on  the 
water  basis  that  is  operating  on  one  dis¬ 
tinct  proposition,  and  that  is  at  Terre 
Haute;  that  has  been  in  operation  sev¬ 
eral  years.  That  plant  took  care  of  its 
interest  on  the  bonds  and  paid  three  per 
cent,  upon  its  stock  the  first  year.  It  is 
expected  that  it  will  pay  8  per  cent,  next 
year. 

Mr.  Jewett:  At  Red  Oak.  Iowa,  there 
is  an  electric  light  plant;  a  central  station 
lieating  plant  that  was  put  in  six  years 
ago.  Red  Oak  is  comparatively  a  small 
town,  and  the  electric  light  company  was 
there  for  some  time  before  the  heating 
plant  was  added  to  its  equipment.  The 
total  cost  of  the  heating  plant  was  $15.- 
000.00.  The  first  cost  of  the  heating  plant 
represented  their  capital  account.  They 
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have  within  two  years  had  $7,5C»  a  year 
gross  income  from  the  heating  plant. 
Their  coal  account  was  increased  by  the 
operation  of  the  heating  plant  $i,ooo  a 
year.  They  took  on  no  added  labor.  Dur¬ 
ing  the  winter  they  had  one  man  who  went 
around  among  the  customers  to  see  that 
they  were  satisfied,  to  pack  a  few  radiator 
valves,  which  cost  them  $40  a  month  for 
about  seven  months,  or  $280.  So  that 
leaving  out  of  account  interest  and  depre¬ 
ciation,  the  total  operating  expenses  which 


the  electric  company  could  figure  as  due 
to  the  operation  of  the  heating  plant  was 
represented  by  less  than  $1,500.  That 
gave  them  $6,000  for  interest,  depreciation 
and  repairs  on  the  heating  plant.  The 
plant  has  been  there  for  six  years,  and 
there  have  been  no  repairs  as  yet,  and 
they  are  doing  the  same  thing  to-day. 

In  the  absence  of  Mr.  Hugh  J.  Barron, 
his  paper  on  ‘‘Drying  by  Steam,  Hot  Air 
and  Waste  Gases,”  was  read  by  Mr. 
Frank  K.  Chew. 


Drying  bjr  Steam,  Hot  Air  and  Waste  Gases 

By  Hugh  J.  Barron 


It  may  be  possible  that,  in  the  future, 
electrical  drying  will  supercede  other 
methods,  but  as  we  are  in  and  part  of 
the  transition  period,  we  will  confine  our¬ 
selves  to  those  methods  which  have  been 
developed  in  the  last  hundred  years.  I 
recall,  while  working  as  a  fitter’s  helper 
or  apprentice  in  the  large  woolen  mills 
around  Philadelphia  thirty  years  ago,  that 
the  large  drying  rooms  had  large  i-inch 
trombone  miter  coils  extending  over  the 
floor  area.  These  coils  were  about  20  feet 
long,  with  miters  about  2  feet,  and  were 
about  15  pipes  wide.  The  shoddy  and 
other  material  to  be  dried  was  placed  over 
the  coils,  60  pounds  of  steam  being  used 
in  the  coils,  which  was  considered  high 
pressure  at  that  time. 

This  was  not  an  economical  method.  As 
a  matter  of  fact,  drying  does  not  lend 
itself  to  economy.  It  is,  in  most  cases, 
rather  wasteful,  but  there  is  no  reason 
why  it  should  be  uneconomical,  except  that 
the  art  is  more  or  less  of  a  side  issue  with 
those  who  should  he  experts  in  its  de¬ 
velopment. 

The  matter  of  this  paper  was  suggested 
by  a  talk  I  had  recently  with  one  of  the 
ex-presidents  of  this  society.  He  said  that 
one  of  his  customers  had  determined  to 
install  exhaust  fans  in  his  cloth-drying 
room.  He  advised  him  strongly  not  to 
use  exhaust  fans  for  the  purpose,  as.  in 
his  opinion,  the  proper  way  to  dry  mater¬ 
ial  like  wet  cloth  was  to  force  warm  air 
into  the  drying  room ;  that  where  disk 
fans  were  used  to  exhaust  the  air  in  con¬ 
nection  with  direct  heating  coils,  the  leak¬ 
age  of  air  through  the  walls  and  around 
the  windows  nullified  the  drying  effect  by 
reducing  the  temperature  of  the  air  in  the 
room.  He  further  said  that  it  was  notice¬ 
able  wherever  this  latter  system  was  used 
that  the  drying  rooms  had  wet  floors, 
whereas,  where  the  air  was  forced  in  hot. 
the  moisture  was  carried  entirely  out  of 
the  ventilators. 

The  problem  is  to  force  a  certain  volume 
of  air  into  and  out  of  the  drying  room, 
changing  the  air  in  this  room  every  five 
to  ten  minutes,  the  temperature  of  the 
air  as  well  as  the  rapidity  of  the  change 


depending  upon  the  moisture  and  the  out¬ 
side  atmospheric  conditions. 

The  primitive  manner  of  drying  all  ma¬ 
terial  is  by  exposure  to  the  sun,  and,  in 
most  processes  of  manufacture,  the  best 
results  are  produced  by  open-air  drying. 
This  is  particularly  true  of  leather  tan- 
ning. 

Baldwin,  in  his  book  “Steam  Heating 
for  Buildings,”  page  18S,  fourtli  edition, 
says : 

“It  is  not  profitable  to  dry  by  forc¬ 
ing  air,  as  with  a  fan  or  blower,  in 
connection  with  steam  coils.” 

This  was  said  a  little  over  twenty 
years  ago.  Since  then,  drying  by  fan 
blowers  has  practically  superseded  all 
other  methods. 

In  Babcock  &  Wilcox’s  catalogue 
“Steam.”  it  is  stated: 

“The  philosophy  of  drying  or  evap¬ 
orating  moisture  by  heated  air  rests 
upon  the  fact  that  the  capacity  of  air 
for  moisture  is  rapidly  increased  by 
rise  in  temperature.  If  air  at  52  de¬ 
grees  is  heated  to  72  degrees,  its  ca¬ 
pacity  for  moisture  is  doubled  and  is 
four  times  what  it  w'as  at  32  degrees. 

“For  each  15  pounds  of  water  re¬ 
quired  to  be  evaporated  per  hour  in  a 
drying  room,  one  horse  power  of 
'  boiler,  130  square  feet  of  stearn  pipe 
and  14.000  cubic  feet  of  air  are  re¬ 
quired  un(ier  good  conditions.” 

In  the  twenty-fir.st  edition  of  this  book, 
1896.  there  is  added  a  table,  which  gives 
the  weight  of  a  saturated  mixture  of  air 
and  aqueous  vapor  at  different  tempera¬ 
tures  up  to  160  degrees,  together  with  the 
weight  of  vapor,  in  pounds  and  percent¬ 
age,  and  total  heat,  the  portion^  contained 
in  the  vapor  and  the  quantity  hf  air  re¬ 
quired  per  pound  of  water. 

By  an  inspection  of  this  table,  “It  will 
he  seen  why  it  is  more  economical  to  dry 
at  the  higher  temperatures.  The  atmos¬ 
phere  is  seldom  saturated  with  moisture, 
and  in  practice  it  will  be  found  generally 
necessary  to  heat  the  air  about  30  de¬ 
grees  above  the  temperature  of  satura¬ 
tion.” 

I  am  inclined  to  believe  that  in  any 
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drying  problem  the  important  fact  is  to 
get  the  saturation  of  the  material,  the 
amount  of  water  per  pound  or  per  ton  it 
contains’,  then  to  figure  the  number  of 
heat  units  necessary  to  vaporize  this  mois¬ 
ture,  which  approximates  the  latent  heat 
of  steam  at  212  degrees,  965  B.  T.  U.  per 
pound  of  moisture  and  then  to  supply  a 
volume  of  air  containing  these  heat  units 
which  will  absorb  the  required  volume  of 
moisture  or  water. 

In  an  article  on  Drying  Rooms,  by  J.  L. 
Bixby,  Jr.,  published  in  “Heating  and 
Ventilation,”  December,  1895,  the  author 
says : 

“The  philosophy  of  drying  is  the 
fact  that  heated  air  will  absorb  mois¬ 
ture  as  a  sponge  absorbs  water. 
When  air  has  taken  up  all  the  mois- 


of  space.  When  hot  water  is  used,  the 
radiation  should  be  doubled.  For 
fresh  air  supply,  allow  2  square  inches 
per  square  foot  of  heating  surface, 
and  for  exit  openings  50  per  cent, 
additional.  Clothes  after  wringing 
average  in  weight  one  pound  to  the 
square  yard.  For  screening  the  air 
supply  to  drying  rooms,  cotton  cloth 
screens  should  be  used.” 

Some  lines  of  drying,  like  laundry  and 
lumber  drying,  have  become  stereotyped 
and  the  lines  of  practice  are  well  estab¬ 
lished.  Other  lines  are  in  the  experi¬ 
mental  stage  and  new  developments  in 
manufacture  are  constantly  bringing  up 
new  problems. 

A  great  deal  of  time  and  money  has 
been  spent  in  experimenting  with  brick 
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ture  that  it  can,  it  is  said  to  be  sat¬ 
urated.  Air  charged  with  vapor  is 
lighter  than  air  not  so  charged.  Damp 
air  has  85  per  cent,  moisture;  moder¬ 
ately  dry  air,  65  per  cent. ;  dry  air, 
50  per  cent. ;  very  dry  air,  35  per 
cent. ;  extremely  dry  air,  25  per  cent. 
For  each  increase  of  27  degrees  in 
temperature,  its  drying  capacity  is 
doubled.  For  laundry  work,  130  de¬ 
grees  is  most  satisfactory.  Five  hun¬ 
dred  feet  per  minute  is  the  proper  ve¬ 
locity  of  air  in  drying  rooms.  Exit 
and  inlet  should  be  located  at  the 
floor  line  of  the  drying  room.  The 
radiation  required  for  drying  rooms 
is  I  square  foot  to  each  3  cubic  feet 


drying  in  connection  with  machine  brick 
making.  Until  recently,  large  massed  box 
coils  were  placed  in  the  bottoms  of  the 
tunnels  and  the  brick  cars  were  passed 
over  them.  High-pressure  steam  was  used 
in  the  coils  and  the  tops  of  the  tunnels 
had  ventilators.  This  was  supplemented 
by  exhaust  fans  forcing  in  air  at  the  wet 
end  or  entrance.  At  the  present  time, 
brick  drying  is  almost  entirely  hot  blast, 
a  blowing  fan  and  stack  forcing  hot  air 
into  the  tunnels.  One  of  the  trade  cata¬ 
logues  referring  to  a  brick-drying  tunnel, 
states : 

“The  end  of  the  dryer  opposite  the 
heater  is  termed  the  green  or  wet  end. 
Into  this  end  the  cars  are  rolled  when 
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filled  with  fresh  soft  bricks.  If  at 
this  stage  they  were  subjected  to  the 
high  temperature  of  the  heater  end, 
cracking  and  warping  would  ^  take 
place.  Not  until  part  of  the  moisture 
is  removed  and  the  bricks  prepared 
for  increase  of  temperature  are  they 
moved  forward  towards  the  other  end. 


water  at  saturation,  or  at  8o  per  cent, 
saturation  about  0.09  pound  of  mois¬ 
ture.  One  pound  of  air  at  zero  tem¬ 
perature  and  60  per  cent,  saturation 
contains  0.0005  pound  of  water,  which 
njay  be  neglected.  For  each  ton  of 
paper  made  in  twenty-four  hours,  there 
will  be  given  off  166.7  pounds  of  water 


The  space  thus  left  is  filled  with  cars 
of  fresh  brick,  making  the  process 
continuous.  A  single  tunnel  100  feet 
long,  sVz  feet  wide  by  5^2  feet  high 
will  dry  10,000  stiff  mud  bricks  every 
twenty-four  to  forty-eight  hours,  near¬ 
er  forty-eight  than  twenty-four,  de¬ 
pending  largely  on  skill  and  manage¬ 
ment.” 

In  regard  to  tobacco  drying,  Baldwin 
states  that  to  be  effective  it  requires  direct 
heating  from  coils.  The  average  tobacco 
factory  in  the  north,  however,  depends 
upon  hot  blast  heating  in  the  drying 
room. 

The  following  extract  is  taken  from  an 
article  on  “Steam  Engineering  in  Paper 
.Mills,”  by  E.  S.  Farwell,  published  in 
“Cassier’s  Magazine”  for  May,  1905 : 

“The  ventilation  of  the  machine 
room  is  an  unusually  important  prob¬ 
lem.  For  every  ton  of  paper  made, 
two  tons  of  water  must  be  evaporated 
and  carried  off  by  the  air  of  the  room 
before  it  condenses  on  the  cool  sur¬ 
faces.  There  are  often  two  machines 
in  each  room,  each  making  a  ton  or  a 
ton  and  a  half  of  paper  every  hour. 

“One  pound  of  air  at  132  degrees 
temperature  will  carry  0.T177  pound  of 


per  hour,  which  will  require  1,852 
pounds  or  460  cubic  feet  of  air  per 
minute  to  absorb  it. 

“The  amount  of  heat  required  to 


FIG.  2-HA.I,F-SECTI0N  OF  AIR  HEATER. 

raise  this  air  from  10  degrees  below 
zero  to  132  degrees  above  is  found 
by  multiplying  the  weight  of  air  by 
0.2375  and  by  the  difference  in  tem¬ 
perature,  or  142.  In  addition  to  the 
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volume  of  air  computed  by  this 
method,  there  must  be  in  large  rooms 
having  no  hoods  over  the  machines, 
more  air  provided,  which,  in  all  prob¬ 
ability,  will  short  circuit  and  not  ab¬ 
sorb  its  proportionate  amount  of  mois¬ 
ture.  Many  successfully  ventilated  ma¬ 
chine  rooms  have  an  air  change  every 
two  to  six  minutes.  With  a  properly 
designed  system  it  is  not  necessary  to 
change  so  often.” 

The  drying  rolls  of  such  machines  are 
generally  enveloped  in  a  hood,  wlych  is 
usually  fitted  with  two  48-inch  disk  or 
propeller  fans  capable  of  exhausting  from 
thirty  to  forty  thousand  cubic  feet  of  air 
per  minute.  In  cold  weather  air  is 
forced  into  the  machine  room  at  a  tem¬ 
perature  of  about  90  degrees,  so  that  we 
have  in  the  machine  room  of  a  paper  mill 
what  is  considered  the  best  practice  to¬ 
day  in  heating  and  ventilating,  viz.,  hot 
air  forced  in  at  whatever  temperature  re¬ 
quired  and  local  ventilating  fans  exhaust¬ 
ing  air  wherever  necessary  to  meet  special 
conditions. 

In  brick  drying  and  in  some  other  lines 
of  industry  of  a  similar  nature  where  there 
are  kilns  which  waste  gases  of  high  tem¬ 
perature.  these  gases  are  taken  up  by  a 
fan  and  forced  through  the  drying  tun¬ 
nels  or  rooms.  Disk  fans  are  employed 
for  exhausting  and  giving  a  thorough  cir¬ 
culation  to  the  waste  gases. 

In  drying  lumber,  part  of  the  moist  air 
is  returned  to  be  reheated,  while  the  very 
wet  air  is  forced  out  of  the  loading  end. 
If  the  lumber  has  been  previously  parti¬ 
ally  air  dried,  there  is  some  saving  in  re¬ 
turning  a  part  of  the  air  from  the  kiln 
to  the  heater.  It  usually  takes  a  week  to 
dry  ordinary  one-inch  stuff,  such  as  yellow 
pine. 

The  essential  principles  in  all  drying 
are  large  volume  of  air  and  not  particular¬ 
ly  high  temperature.  This  is  why  open  air 
sun  drying  is  so  satisfactory.  In  lumber 
drying  the  moisture  vaporizes  and  pas.ses 
off,  but  if  the  temperature  is  too  high  the 
resin  in  the  wood  will  harden  and,  burst¬ 
ing  from  expansion,  will  cause  checking 
of  the  wood.  Where  it  does  not  do  this, 
it  is  apt  to  leave  the  lumber  non-elastic 
and  brittle.  The  moist  air  which  is  re¬ 
turned  is  often  blamed  for  causing  this 
condition  and  also  for  staining  the  lumber. 

In  drying  wool,  cotton,  silk,  jute,  pine 
fiber,  rubber,  etc.,  the  material  should  be 
placed  in  a  bed  made  of  wire  screen  of 
almost  any  mesh.  The  screen  is  kept  in 
constant  motion  and  large  volumes  of  air 
passed  through  it.  The  screen  is  .so  ar¬ 
ranged  that  all  the  air  must  pass  through 
it. 

There  is  in  almost  every  heating  and 
ventilating  job  a  drying  problem. 

In  regard  to  the  paragraoh  I  quote  from 
Mr.  Farwell’s  article.  “For  each  ton  of 
paper  made  in  twenty-four  hours,  there 
will  be  given  off  166.7  pounds  of  water 
per  hour,  which  will  require  1.852  pounds 
of  air  per  hour  or  4(10  cubic  feet  of  air 


per  minute  to  absorb  it,”  it  will. perhaps 
help  those  who  study  it  to  call  atten¬ 
tion  to  the  following  statement  in  an  ear¬ 
lier  part  of  Mr.  Farwell’s  paper :  “The 
amount  of  steam  that  should  be  required 
to  dry  paper  can  easily  be  calculated  after 
making  several  more  or  less  uncertain  as¬ 
sumptions.”  It  will  be  fair  to  assume  that 
for  every  pound  of  paper  made  two  pounds 
of  water  must  be  evaporated.  The  tem¬ 
perature  of  the  water  as  it  comes  from 
the  presses  may  be  assumed  to  be  about 
65  to  212  degrees;  to  evaporate  it  into 
steam  will  require  1.11.3  B.  T.  U.  per 
pound  of  water.  In  modern  machines  the 
steam  pressure  in  the  dryers  is  carried  at 
from  I  to  6  pounds.  The  water  as  it 
leaves  the  dryers  will  have  a  temperature 
of  about  210  degrees.  One  pound  of  steam 
at  5  pounds  pres.sure  contains  1,183  heat 
units,  of  which  it  will  give  up  1,183-210 
heat  units,  w'hich  equals  973  heat  units.  If. 
then,  all  of  this  heat  went  into  the  water 
of  the  paper,  the  amount  of  steam  required 

2  X  1113 

per  pound  of  paper  would  be  — — 

2.29  pounds.  This  clearly  indicates  one 
point  to  be  carefully  watched.  The  basic 
problem  in  all  drying  is  merely  the  evapo¬ 
ration  of  so  much  water  in  the  form  of 
moisture. 

In  considering  this,  it  is  well  to  keep  in 
mind  the  following: 

One  B.  H.  P.  will  evaporate  20  pounds 
of  water  or  moisture  with  the  blower  sys¬ 
tem.  One  cubic  foot  of  air  at  a  tempera¬ 
ture  of  50  degrees  will  absorb  5  grains  of 
water.  At  a  temperature  of  75  degrees,  it 
will  absorb  10  grains ;  at  too  degrees,  it 

will  absorb  20  grains ;  at  150  degrees,  it 

will  absorb  75  grains ;  at  200  degrees,  it 

will  absorb  200  grains.  Seven  thou.sand 

grains  equal  i  pound.  437.5  grains  equal 
T  ounce.  33.305  B.  T.  U.  equal  i  H.  P. 
One  pound  of  air  contains  12.387  cubic 
feet  at  32  degrees  F.  'I'hirty-three  B.  T. 
U.  will  warm  i  pound  of  air  from  zero 
to  135  degrees.  One  lineal  foot  of  i-inch 
pipe  at  215  degrees  will  warm  3  cubic 
feet  of  air  from  zero  to  130  degrees. 

The  engineer  .sometimes  requires  a 
closed  air  heater  to  utilize  waste  gases 
for  drying  purposes.  Fig.  i  represents  a 
late  design  of  air  heater  which,  in  con¬ 
nection  with  a  fan,  will  supply  a  large  vol¬ 
ume  of  air  for  drying  purposes  and  utilize 
gases  that  would  otherwise  be  wasted. 
Fig.  2  is  a  half  section,  showing  the  top 
and  bottom  section.  The  headers  are 
sloped  in  opposite  directions,  admitting  of 
a  greater  opening  at  the  sectional  open¬ 
ings  of  the  headers,  where  the  largest  vol¬ 
ume  of  air  has  to  pass.  The  air  leaves 
the  heater  at  the  top  hot  end  where  the 
gases  first  strike  the  tubes. 

In  air  heaters,  I  assume  the  transmission 
per  .square  foot  per  degree  difference  of 
temperature  is  about  T.25  B.  T.  U.  per 
hour.  In  giving  T.25  B.  T.  U.  for  the 
transmission  per  degree  difference  of  tem¬ 
perature.  I  assume  that  the  mean  differ¬ 
ence  transmission  corre.sponds  to  econo- 
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mizer  practice,  the  average  of  which  is  2.5 
B.  T.  U.,  and  with  boiler  tubes  at  the 
higher  temperatures  is  5  B.  T.  U.  per 
square  foot  per  hour.  The  transmitting 
efficiency  is  still  further  increased,  at 
least  50  per  cent,  by  the  air  being  forced 
by  a  fan  through  the  tubes  at  a  high  ve¬ 
locity. 

At  a  temperature  of  32  degrees  under  a 
))ressure  of  29.92  inches  of  mercury,  a 
cubic  foot  of  air  weighs  0.081  pound.  The 
volume  of  one  pound  of  air  at  32  degrees 
is  12.387  cubic  feet;  at  70  degrees,  it  is 
13.342;  at  212  degrees  is  16.91;  at 
360  degrees,  it  is  20.63 1  at  550  de¬ 
grees.  it  is  25.403 ;  at  650  degrees,  it 
is  27.915;  at  800  degrees,  it  is  31.864; 
at  i.ooo  degrees  it  is  36.811;  at  2,000  de¬ 
grees,  it  is  61.04;  at  3.000  degrees,  it  is 
87.13.  One  pound  of  air  at  atmospheric 
pressure  of  14.7  pounds  at  3,000  degrees 
K.  has  a  volume  of  87  feet,  so  that  in 
figuring  transmission  of  heat  between  sur¬ 
faces  per  square  foot,  it  is  important  to 
consider  the  volume  due  to  the  tempera¬ 
ture.  .•\fter  multiplying  by  the  number 
of  B.  'r.  U.  absorbed  per  degree  mean 
difference,  it  is  necessary  to  also  multiply 
by  the  decimal  .2375  in  order  to  obtain  the 
specific  heat  of  air.  When  air  is  the  ab¬ 
sorbent.  a  B.  'r.  U.  has  about  three  and 
three-fourth  times  the  heating  capacity  that 
it  has  where  water  is  the  absorbent. 

Specific  heat  of  air  is  0.2375  when  water 
is  unity.  To  heat  a  pound  of  air  from 
any  temperature  A,  through  a  given  num¬ 
ber  of  degrees  B.  to  a  temperature  A  -|-  B, 
will  reijuire  only  0.2375  as  much  heat  as 
would  be  necessary  to  raise  a  pound  of 
water  through  the  same  number  of  de¬ 
grees. 

Let  us  consider  a  room  30  feet  long,  10 
feet  wide  and  10  feet  high,  having  a  win¬ 
dow  at  one  end  and  a  door  at  the  other. 
In  this  room  are  hung  on  ordinary  drying 
horses  400  wet  woolen  blankets,  each 
blanket  having  about  5  pounds  of  water, 
or  a  total  of  2,000  pounds  of  water  to  be 
dried  out  in  a  reasonable  time.  The  tem- 
lierature  of  the  room  and  the  blankets  is 
(K)  degrees,  d'o  evaporate  and  absorb  one 
pound  of  water  at  60  degrees  requires 
about  1,200  B.  T.  LI.  2,000  X  1.200  =  2,- 
400.000  B.  r.  U.  to  be  supplied  in  air. 
One  pound  of  air  at  90  degrees  contains 
about  300  B.  d'.  U.,  which  is  equal  to 
about  14  cubic  feet.  2,400,000  H-  300  = 
8.000  pounds  of  air,  which  is  equivalent  to 
112.000  cubic  feet,  the  amount  neces.sary 
to  dry  the  blankets.  This  amount  of  air 
per  minute  from  a  blower  should  dry  the 
material  in  an  hour,  if  the  reasoning  is 
correct. 

If  it  takes  only  .238  as  much  heat  to 
raise  the  same  weight  of  air  as  it  would 
to  raise  a  similar  weight  of  water,  the  air¬ 
heating  surface,  instead  of  transmitting 
only  one-fourth  as  much  heat  with  air  as 
with  water,  will  transmit  nearly  four  times 
as  much,  or  10  B.  T.  U.  per  degre.e  mean 
difference  of  temperature  per  square  foot 
per  hour. 


Thomas  H.  Huxley,  in  his  essay  on 
Rene  Descartes  Discourse  on  Method, 
says:  “There  is  a  path  that  leads  to  truth 
so  surely  that  any  one  who  will  follow  it, 
must  needs  reach  the  goal  whether  his  ca¬ 
pacity  be  great  or  small.”  This  statement 
gives  me  hope  that  we  will  reach  the  cor¬ 
rect  relative  transmission  per  degree  dif¬ 
ference  per  square  foot  of  surface  per 
hour  between  hot  gases  and  cool  air. 

LITERATURE  ON  THE  SUBJECT 

In  addition  to  the  articles  already  men¬ 
tioned,  the  following  works  bear  upon  this 
subject,  taken  from  the  Engineering  In¬ 
dex  : 

Drying  Coal,  American  Society  of  Me¬ 
chanical  Engineers,  i8th  vol. 

Drying  Paper  Pulp  by  Hot  Water,  Ameri¬ 
can  Society  of  Mechanical  Engineers, 
8th  vol. 

Determination  of  Humidity  in  Drying 
Plants,  by  Paul  Fuchs,  Gesundheits-In- 
genieur,  October  31,  1899,  Muenchen, 
Bavaria.  Three  thousand  words. 

Drying  Installations,  by  M.  Grellert.  Ges- 
undheits-Ingenieur,  May  25,  1898.  Twen¬ 
ty-five  hundred  words.  'I'his  paper  gives 
various  methods  of  figuring  quantities  of 
heat  required  for  given  results  in  dry- 
ing. 

Modern  Drying,  the  theory  of  air  drying 
apparatus.  Zeitschrift  des  Vereins  Deuts- 
cher  Ingenieur,  Berlin.  Three  thousand 
words. 

The  Principle  and  Construction  of  Drying 
Plants,  by  Prof.  P.  Pfeifer,  Gesund- 
heits-Ingenieur,  February  15,  1898.  Four 
thousand  words. 

Plumbers  and  Fitters  Hand-Book,  pub¬ 
lished  by  the  International  Correspond¬ 
ence  Schools,  Scranton,.  Pa.,  contains  a 
iLseful  article  on  drying. 

Wool  Drying,  Scientific  American  Supple¬ 
ment  Index. 

Theory  of  Drying,  Scientific  American 
Supplement  Index. 

Catalogues  of  the  numerous  blower  man¬ 
ufacturers. 

DISCUSSION 

Mr.  Scott:  It  is  just  a  matter  of  lan¬ 
guage,  but  on  page  9  the  writer  would 
have  us  absorb  this  notion:  “When  air 
is  the  absorbent,  a  B.  T.  U.  has  about 
three  and  three-fourths  times  the  heating 
capacity  that  it  has  where  water  is  the 
absorbent.”  Now  I  take  it  that  a  B.  T.  U. 
is  a  B.  T.  U.,  for  whatsoever  it  is  worth. 
That  may  be  an  error  in  the  writer’s  use 
of  the  word,  but  I  thought  that  a  society 
of  this  kind  should  take  notice  of  it. 

Mr.  Jewett:  On  page  10,  the  second 
paragraph,  the  writer  says:  “If  it  takes 
only  .238  as  much  heat  to  raise  the  same 
weight  of  air,  as  it  would  to  raise  a  sim¬ 
ilar  weight  of  water,  the  air  heating  sur¬ 
face,  instead  of  transmitting  only  one- 
quarter  as  much  heat  with  air  as  with 
water,  will  transmit  nearly  four  times  as 
much,  or  10  B.  T.  U.  per  degree  mean 
difference  of  temperature  per  square  foot 
per  hour.”  I  hardly  think  that  reasoning 
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will  hold.  I  doubt  very  much  if  I  under¬ 
stand  what  he  is  driving  at  correctly,  and 
that  is,  that  it  is  a  sheet  of  metal  with 
air  at  one  temperature  on  one  side  and  a 
sheet  of  metal  with  air  at  another  tem¬ 
perature  on  the  other  side  of  the  sheet 
metal — if  he  could  get  ten  B.  T.  U.  per 
square  foot  per  hour  per  degree  difference 
in  the  temperature  through  the  metal 
from  one  air  to  the  other. 

Mr.  Davis:  On  pages  4  and  5  he  de¬ 
scribes  a  brick  drying  apparatus.  I  think 
the  information  would  have  been  of  con¬ 
siderable  more  value  if  he  had  given  us 
some  idea  of  the  amount  of  heating  sur¬ 
face  that  was  used  in  drying  those  10,000 
bricks  in  24  hours,  and  the  quantity  of  air 
that  passed  through  the  tunnel.  As  it  is, 
it  is  simply  a  statement  that  a  tunnel  dries 
10,000  bricks  in  24  hours,  which  gives  us 
no  idea  of  the  amount  of  heating  surface 
required  to  produce  that  effect. 

Mr.  Widdecombe:  The  author  has  men¬ 
tioned  in  almost  every  instance  of  drying 
the  necessity  of  driving  air  through  by 
means  of  a  fan;  otherwise  there  is  no  men¬ 
tion  made  whatever  of  the  principle  of  the 
Morton  kiln,  or  any  other.  There  can  be 
drying  when  there  is  no  forcing  of  the  air, 
and  yet  the  drying  is  thoroughly  done. 

Mr.  Scott:  Right  along  the  lines  of  the 
last  speaker,  Mr.  President,  I  would  like 
to  say  that  lumber  drying  to-day,  as  I 
know  it,  and  I  have  had  some  experience 
in  that  line,  is  done  largely  with  the  air 
used  over  and  over  again.  Perhaps  a 
small  allowance  should  be  made  for  the 
exit  of  air,  but  in  the  main,  the  air  simply 
passes  through  round  about  the  coils  in 
the  basement,  and  comes  up  so  that  it 
comes  in  contact  with  the  lumber  and  the 
moisture  in  the  lumber,  and  that  process 
is  going  on  almost  continuously.  Thou¬ 
sands  of  feet  of  lumber,  yes  millions  of 
feet  of  lumber,  are  dried  that  way  to-day 
right  in  our  own  section  here.  Lumber  in 
the  process  of  drying  is  kept  moist.  The 
moisture  from  within  dries  out,  and  the 
best  qualities  of  lumber  are  retained.  In 
justice  to  the  last  speaker,  I  would  say 
that  this  situation  I  have  described  has  al¬ 
most  wholly  eliminated  the  blower  prac¬ 
tice  of  driving  air  into  the  kilns.  Not  en¬ 
tirely,  but  to  a  great  extent. 

TOPIC 

The  Protection  of  Underground  Piping. 

Mr.  Harvey:  I  have  found  by  experi¬ 
ence  in  carrying  steam  for  running  power, 
etc.,  underground,  by  taking  a  long  sewer 
crock  having  2-inch  space  between  that 
and  the  pipe,  by  having  a  cast  iron  ring 
at  each  end  of  the  sewer  pipe  a  sewer 
crock  without  elbows,  and  the  elbow  has 
a  sort  of  cast  iron  ring  in  which  the  steam 
pipe  rests,  “V”  shape,  and  the  section  of 
pipe  is  practically  sealed,  so  that  there  is 
no  circulation  horizontally;  then  this 
crock  in  that  same  ring  has  a  bearing  on 
it  so  that  the  outside  of  this  ring  fits  on 
the  inside  of  a  wooden  log  of  four  inches 


in  thickness  of  wood  on  the  outside  of  the' 
log,  that  gives  me  a  two-inch  dead  aii 
space,  practically  hermetically  sealed,  and 
a  dead  air  space  on  the  outside  of  the 
crock  between  that  and  the  inside  of  the 
wooden  log  or  wooden  pipe  of  two  inches 
— there  is  6  inches  of  air  space  around  the 
outside  of  the  pipe.  I  have  had  occasion 
to  test  a  pipe,  in  running  a  pipe  to  make 
a  test,  and  I  have  had  one  hundred  pounds 
of  steam  on  a  steam  pipe  for  24  hours.  I 
took  a  box,  a  perfectly  tight  box  with  a 
glass  in  it,  and  put  a  thermometer  inside 
the  box  where  it  could  be  seen  at  all  times, 
and  the  thermometer  did  not  show  a  rise 
in  temperature  of  five  degrees  in  the  24 
hours.  That  five  degrees  may  have  been 
caused  by  the  surrounding  temperature, 
but  it  was  not  affected  at  all  by  the  wood. 
That  was  a  test  I  made  some  ten  years 
ago,  and  I  think  that  the  merit  of  the  in¬ 
sulation  of  that  pipe  was  practically  in 
confining  the  air  so  that  there  was  no 
circulation  of  air  horizontally,  any  further 
than  each  length  of  three  feet.  I  might 
say  that  I  carried  steam  in  that  way  for 
over  a  mile  and  ran  a  two  hundred  horse 
power  engine  at  the  end  of  that  mile  and 
we  didn’t  lose  five  pounds  of  steam  in 
temperature  the  whole  of  the  distance.  I 
had  a  large  receiver  at  the  engine  that  I 
ran  the  steam  into,  and  took  the  steam 
from  that  receiver  to  the  engine. 

WRITTEN  DISCUSSIONS  OF  TOPICS 

Upon  the  announcement  of  the  next 
topic,  “The  Development  of  Vacuum  Sys¬ 
tems  of  Steam  Heating,”  Mr.  James  A. 
Donnelly  aro.se  to  read  some  remarks 
from  a  manuscript  he  had  prepared. 

discussion  then  followed  regarding 
the  reading  of  manuscripts  that  had  not 
first  been  submitted  to  the  Board  of  Gov¬ 
ernors.  The  question  resolved  itself  into 
a  point  of  order,  and  the  chair  ruled  that 
the  privilege  of  reading  the  manuscript 
must  depend  upon  whether  it  was  a 
“paper”  or  a  “topic  of  discussion.”  It  was 
finally  decided  to  refer  Mr.  Donnelly’s  re¬ 
marks  to  the  Executive  Committee.  The 
ruling  disposed  of  this  topic,  and  of  the 
following  topic  upon  w'hich  remarks  had 
also  been  prepared. 

DATA  ON  FURNACE  HE.\TING 

As  a  member  of  the  Committee  to  Col¬ 
lect  Data  on  Furnace  Heating,  Frank  K. 
Chew  reported  that  questions  had  been 
prepared  and  sent  to  the  members,  but 
that  until  more  replies  were  received  the 
committee  thought  it  best  to  withhold 
those  already  sent  in. 

PLANS  FOR  THE  NEXT  MID-SUMMER  MEETING 

Invitations  to  hold  the  next  mid-sum¬ 
mer  meeting  of  the  Society  in  England 
in  connection  with  that  of  the  British  In¬ 
stitution  of  Heating  and  Ventilating  En¬ 
gineers  were  read,  as  well  as  an  invitation 
from  Milwaukee.  On  motion  of  Professor 
Hoffman  the  selection  of  the  next  meeting 
place  was  referred  to  the  Board  of  Gov¬ 
ernors. 
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Residence  Heaftng  hjr  ^Direct  and  Indirect 

Hot  Water 

By  E.  F.  Capron 

During  the  past  ten  years  the  writer  has  ling  valves  with  drip  valve  for  draining, 
installed  a  number  of  hot-water  heating  and  each  stack  of  indirects  is  treated  in 
plants,  using  both  direct  and  indirect  ra-  the  same  manner. 

fliation,  and  the  results  obtained  have  been  The  air  fpr  indirect  radiators  enters  the 
very  satisfactory,  both  with  the  overhead  building  through  two  windows,  having 

and  the  up-feed  systems  of  circulation.  shutters  which  are  easily  adjusted,  passes 

The  heating  apparatus  described  in  this  through  cheese-cloth  screens  and  through 
paper  was  installed  in  a  three-story  and  tempering  radiators  into  a  main  cold-air 
basement  brick  residence,  having  exposure  room,  from  which  room  galvanized  iron 
on  all  sides,  with  no  protection  from  sur-  ducts  carry  the  air  to  the  various  radia- 
rounding  buildings.  tors. 

The  cubic  contents  of  the  building  is  There  is  a  by-pass  damper  under  the 

98.304  cu.  ft.,  wall  exposure  7,182  sq.  ft.,  tempering  radiators,  controlled  automati- 
glass  area  1,416  sq.  ft.,  and  it  is  heated  by  cally,  the  thermostat  controlling  same  be- 
2,518  sq.  ft.  of  direct  and  1,200  sq.  ft.  of  ing  located  in  cold-air  room, 
indirect  surface,  with  285  sq.  ft.  in  the  Each  individual  stack  of  indirect  radia- 
tempering  chamber.  tors  has  a  by-pass  damper,  allowing  tem- 

There  are  two  boilers  of  the  locomotive  pered  air  being  admitted  to  the  rooms 
fire-box  type,  brick  setting,  each  contain-  when  the  temperature  raises  to  70  de- 
ing  279  sq.  ft.  heating  surface  and  9.2  sq.  grees.  The  rooms  heated  by  indirect  ra¬ 
ft.  grate  area,  one  boi'er  being  used  in  or-  diation  are  ventilated  by  means  "t  fire¬ 
dinary  winter  weather  (15  degrees  above  places. 

ze^o).  The  automatic  system  of  heat  reg-  The  house  has  been  satisfactorily  heated, 
ulation  controls  the  temperature  in  a  num-  hut  the  plant  is  somewhat  complicated  for 
her  of  rooms  and  also  controls  the  draught  the  ordinary  house  man  to  operate  and 
to  boilers.  obtain  the  best  results. 

The  system  of  piping  is  what  is  called  During  the  month  of  February  of  this 
“up-feed”  except  in  the  sun-porch,  which  year  the  writer  made  a  test  in  the  opera- 
is  one  pipe.  All  piping  is  concealed  and  tion  of  the  plant,  the  results  of  which  are 
covered.  Each  pair  of  risers  has  control-  given  below ; 


February  15,  1905 


Temperature  Taken  at 

1 

7  A.  M. 

9  A.  M. 

i 

I£  A.  M. 

I  1’.  M. 

^  P.  M. 

9  P.  M. 

Degrees  ^ 

1 

Degrees 

Degrees 

Degrees 

Degrees 

Degrees. 

Outside . 

—8 

i  —3 

8 

9 

10 

— 2 

Water  Supply . 

180 

1  180 

176 

170 

168 

160 

Water  Return . 

150 

160 

154 

140 

144 

138 

Cold  Air  Room . 

44 

50 

52 

40 

40 

40 

Servants’  Dining  Room .... 

70 

70 

70 

70 

70 

70 

Parlor . 

76 

76 

76 

76 

78 

76 

Billiard  Room* . 

54 

54 

54 

57 

c8 

1  60 

Conservatory . 

.  60 

t)6 

68 

64 

67 

I  67 

Reception  Hall . 

!  70 

70 

74 

76 

77 

1  76_ 

Amount  of  fuel  epnsumed  during  day,  910  pounds  anthracite  coal. 
*  One  register  closed.  .  _ 

February  19,  1905 


1 

Temperature  "faken  at 

1 

7  A.  M. 

9  A.  M. 

I|  A.  M. 

I  r.  M. 

3  P.  M. 

9  P.  M. 

! 

1 

Degrees 

Degrees 

Degrees 

Degrees 

Degrees  , 

Degrees 

Outside . k . 

16 

24 

35 

36 

36 

1  32 

Water  Supply . . . .  j .  . 

130 

156 

165 

172 

170 

156 

Water  Returnl.^ . . 

120 

135 

140 

150 

148 

'  140 

Cold  Air  Room . 

46  1 

48 

56 

58 

60 

58 

Servants’  Dining  Room _ 

70  i 

68 

70 

70 

70 

Parlor . 

68 

1  70 

68 

70 

72 

72 

Billiard  Room* . 

62 

1  62 

64 

66 

58 

68 

Conservatory . 

60 

i  64 

68 

69 

68 

68 

Reception  Hall . 

70 

'  70 

72 

72 

72 

72 

Amount  of  fuel  consumed  during  day,  627  pounds  anthracite  coal. 
*  One  reg  ster  closed. 
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February  20,  1905 


Temperature  Taken  at  7  a.  m. 

1 

9  A.  M.  '  II  A.  M. 

i 

I  P.  M. 

3  P.  M. 

9  P.  M. 

Outside . 

Water  Supply . 

Water  Return . 

Cold  Air  Room . 

Servants’  Dining  Room . 

Parlor . 

Billiard  Room* . 

Conservatory . 

Reception  Hall . 

Degrees 

32 

142 

124 

58 

70 

70 

66 

60 

72 

Degrees  ^  Degrees 

32  '  38 

140  140 

120  1  I18 

56  '  •  50 

70  70 

70  72 

66  66 

64  65. 

72  ,  72 

Degrees 

38 

138 

115 

48 

70 

73 

66 

65 

72 

Degrees 

36 

140 

118 

48 

70 

70 

64 

65 

70 

Degrees 

32 

140 

120 

4^) 

70 

7« 

64 

65 

70 

Amount  fuel  consumed  during  day,  520  pounds  anthracite  coal. 
*  One  register  closed. 


The  Average  Daily  Temperature  Between  7  a.  m.  and  9  p.  m. — For  Seven  Days. 


14th 

15th 

1 

i6th  17th 

i8th 

19th 

1 

20th 

For 

Seven 

Days 

Degrees 

Degrees 

Degrees  Degrees 

Degrees 

Degrees 

Degrees 

Degrees 

Outside . 

8 

2.3 

18.16!  23 

22.66 

29.83 

34.66 

18.80 

Water  Supply . 

169.5 

172.33 

170.16  i  170 

159.33 

158  01 

140 

162.76 

Water  Return . 

160.6 

147.66 

150.331  154.83 

154 

138.83 

I19.01 

146.46 

Cold  Air  Room . 

58.33 

42.66 

51  !  59.66 

58 

54.33 

56 

54.28 

Servants’  Dining  Room 

71 

70 

70  70.33 

70 

69.66 

70 

71.57 

Parlor . 

65.33 

76.33 

74.5  74-66 

72.66 

70 

70.66 

72.02 

Billiard  Room . 

i  54 

56.16 

63  67.66 

67.66 

65 

65.33 

62.68 

Conservatory . 

i  58 

65.33 

65  68.33 

61.5 

66.16 

64 

61 . 18 

Reception  Room . 

1  70.33 

73.83 

74-33!  74 

73-66 

71.33 

71.33 

72.68 

Average  amount  of  coal  consumed  each  day,  718  pounds. 


Two  boilers  were  in  operation  on  the 
15th,  and  onlj’  one  boiler  on  the  19th  and 
20th. 

At  the  time  the  test  was  made,  the  au¬ 
tomatic  regulation  was  not  in  perfect  or¬ 
der  until  II  A.  M.  on  the  20th,  and  since 
that  time  the  plant  has  been  working  very 
successfully,  and  the  consumption  of  fuel 
has  been  reduced. 

In  plants  of  this  description,  it  would 
be  a  good  plan  for  architects  and  engin¬ 
eers  to  include  in  specifications  “a  week’s 
operation  by  competent  persons,”  as  the 
ordinary  house  man  is  not  capable  of 
operating  a  plant  of  this  description  in  a 
satisfactory  manner  to  both  owner  and 
contractor. 

DISCUSSION 

Prof.  Wm.  Kent  (by  letter);  Has  he  any 
means  of  judging  how  much  of  the  heat 
generated  was  used  to  heat  the  air  dis¬ 
charged  from  the  building  (or  ventila¬ 
tion),  and  how  much  supplies  the  radia¬ 
tion  for  conducting  through  the  walls, 
windows,  etc.? 

Mr.  Capron;  I  have  no  means  of  an¬ 
swering  that  question.  I  could  not  make 
that  test  from  the  data  I  have. 

Mr.  Brennan:  I  would  like  to  ask  Mr. 
Capron  how  he  arrived  at  the  amount  of 
radiation — what  formula  he  used? 

Mr.  Capron:  A  proportion  of  one  square 
foot  radiation  to  two  square  feet  of  glass 
to  ten  square  feet  of  wall  surface,  to  sixty 


cubic  feet  of  space,  with  an  addition  of  50 
per  cent,  for  indirect  radiation,  and  about 
10  per  cent,  additional  for  the  corner 
rooms. 

Mr.  Brennan:  I  would  also  like  to  ask 
how  the  capacity  of  the  boilers  in  rela¬ 
tion  to  the  amount  of  radiation  in  the 
building  was  arrived  at. 

Mr.  Capron:  I  think  the  boilers  are 
rated  for  about  30  per  cent,  more  than 
the  total  amount  of  radiation  of  the  build¬ 
ings,  plus  25  per  cent,  for  mains  and 
risers,  and  about  20  per  cent,  added  to 
that.  The  boilers  are  quite  ample  for 
the  amount  of  radiation. 

Mr.  Widdicombe:  Have  you  any  idea, 
Mr.  Capron,  about  the  relative  cost  of 
operation  of  this  plant  compared  with  a 
steam  plant  applied  to  the  same  use  indi¬ 
rect? 

Mr.  Capron:  No,  I  have  not  made  a  test 
of  a  steam  plant  similarly  constructed, 
with  the  same  sized  building. 

The  Secretary:  I  would  like  to  ask  Mr. 
Capron  how  or  why  this  particular  type 
of  boiler  was,  selected  for  the  building, 
for  the  reason  that  in  the  East  we  do 
considerable  indirect  hot  water  heating, 
and  in  the  majority  of  cases  we  have  been 
using,  feeling  that  we  were  treating  the 
case  better,  a  cast  iron  boiler;  and  I  would 
like  to  find  out  why  he  selected  this  par¬ 
ticular  type  of  boiler  for  this  building. 

Mr.  Capron:  Well,  that  is  a  good  deal 
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a  matter  of  opinion,  as  regards  the  cast 
iron  type  of  boilers.  We  are  using  many 
of  them  in  the  West.  After  talking  it 
over  with  the  architects  and  owners,  I 
think  they  decided  that  they  preferred 
that  boiler  to  the  cast  iron.  But  I  don’t 
know  as  they  had  any  very  good  reason 
for  it.  There  were  objections  to  both  of 
them.  We  have  a  number  of  them  run¬ 
ning  for  many  years,  and  they  have  al¬ 
ways  given  very  good  satisfaction.  When 
properly  installed,  I  don’t  think  there  is 
any  objection  to  them. 

Mr.  Munroe  (of  Baltimore):  In  select¬ 
ing  this  particular  boiler  I  would  like  to 
ask  Mr.  Capron,  if  as  I  understand  it,  it 
is  a  locomotive  type  of  boiler,  brick  set, 
whether  it  had  cast  iron  rings  at  the  bot¬ 
tom,  around  the  fire  door,  that  is,  or 
steel  welded  rings. 

Mr.  Capron:  This  boiler  had  a  steel 
welded  ring. 

Mr.  Brennan:  What  was  the  construc¬ 
tion  of  the  boiler  with  regard  to  the 
Hues,  the  manner  of  bricking,  the  manner 
of  the  taking  the  smoke  up  from  the  boil¬ 
er? 

Mr.  Capron:  The  boiler  had  all  the 
flues  in  it  we  could  possible  put  in.  It  had 
about  12  or  14  more  than  the  ordinary 
boiler  has  to-day.  It  was  simply  crowd¬ 
ed  with  the  flues;  the  brick  setting  was 
arranged  so  that  the  smoke  passed  around 
the  boilers  three  times  and  was  taken  out 
at  the  rear;  went  down  under,  back  in 
front,  over  the  top  and  out  at  the  rear; 
bringing  all  the  facilities  of  the  boiler 
close  to  the  fire. 

Mr.  Brennan:  Was  the  smoke  area 
greater  with  the  hot  water  boiler  than  if 
you  used  it  as  a  steam  boiler? 

Mr.  Capron:  The  same  proportion.  That 
made  it  no  greater. 

Mr.  Brennan:  It  would  make  it  greater 
than  the  combined  area  of  all  the  tubes. 

Mr.  Capron:  It  made  it  about  25  per 
cent,  greater  than  the  combined  area  of 
the  tubes.  The  boiler  contained  more 
tubes  than  the  ordinary  steam  boiler. 

Mr.  Hoffman:  I  would  like  to  ask  what 
ratio  the  gentleman  used  between  the 
area  of  the  cross  section,  what  we  call 
our  intake,  and  the  cross  section  area  of 
the  heated  water  stack? 

Mr.  Capron:  To  each  individual  stack? 

Mr.  Hoffman:  To  the  sum  total. 

Mr.  Capron:  About  one  single  unit  to 
a  square  foot. 

Mr.  Larson:  I  would  like  to  ask  the 
author  of  that  paper  how  his  flues  were 
placed  in  this  case,  whether  staggered  or 
horizontally  or  in  a  vertical  row ;  and 
as  to  how  they  were  spaced,  whether  far 
apart  or  not;  and  also  if,  in  his  judgment, 
there  is  not  danger  in  getting  in  too  many 
flues,  of  destroying  circulation. 

Mr.  Capron:  The  flues  were  in  hori¬ 
zontal  and  vertical  rows.  The  spacings, 
I  should  say,  were  about  two  inches  be¬ 
tween  the  flues.  From  the  operation  of 
the  plant,  and  the  circulation  obtained 


around  the  system,  I  should  not  think  the 
circulation  was  retarded  at  all;  it  had  very 
good  circulation  throughout  the  entire 
operation. 

The  Secretary:  As  I  understand  it,  it 
merely  increased  the  number  of  tubes  by 
filling  what  would  be  the  steam  space 
with  additional  tubes,  so  as  to  make  it 
a  hot  water  boiler. 

Mr.  D.  F.  Morgan  (Chicago):  I  would 
like  to  ask  Mr.  Capron  whether,  in  his 
opinion,  a  cast  iron  boiler  treated  in  the 
same  manner  as  to  bricking,  as  a  fire  box 
boiler,  would  not  pet  better  results? 

Mr.  Capron:  Better  results  in  regard 
to  economy  of  operation,  or  as  regards 
circulation? 

Mr.  Morgan:  Well,  both;  I  had  in  mind 
the  economical  operation. 

Mr.  Capron:  Well,  I  think  that  is  a 
question.  I  have  not  compared  the  test. 

I  think  possibly  if  we  reduce  the  area 
in  the  cast  iron  section  boiler  we  might 
perhaps  get  the  same  results.  I  don’t 
think  there  would  be  any  great  economy, 
from  what  experience  I  have  had.  The 
brick  setting,  of  course,  would  help  it  to 
some  extent,  no  question  about  tnat. 

Mr.  Morgan:  The  fact  was  that  the 
boiler  was  bricked  so  that  the  gases  re¬ 
turned  around  the  bottom  of  the  boiler, 
and  were  passed  off  at  the  top  at  the 
back  of  the  boiler,  as  I  understand  it;  is 
that  correct? 

Mr.  Capron:  Yes,  sir. 

Mr.  Morgan:  If  that  was  reversed, 
wouldn’t  there  have  been  more  economy; 
the  fact  of  the  gases  leaviner  the  boiler 
at  the  point  where  the  water  was  the 
coldest  would  have  abstracted  more  heat 
from  the  gases,  would  it  not? 

Mr.  Mackay  (Chicago):  That  would  de¬ 
pend  upon  the  gases  as  they  left  the  fire 
chamber. 

Mr.  Morgan:  I  might  say  that  this  man¬ 
ner  of  bricking  fire  box  boilers  has  never 
appealed  to  me.  As  a  matter  of  fact,  a 
fire  box  boiler  has  never  appealed  to  me, 
any  way.  In  a  fire  box  boiler  you  have 
to  use  about  35  per  cent,  boiler  and  about 
65  per  cent.  coal.  I  think,  with  a  great 
number  of  flues  and  everything  of  that 
kind,  and  a  large  amount  of  grate  sur¬ 
face — the  results  are  only  obtained  from 
the  bricking  in  of  the  boiler.  Now,  I 
have  bricked  in  a  cast  iron  boiler,  and  I 
bricked  it  the  reverse  way  of  Mr.  Capron. 
I  passed  the  gas  off  at  the  top,  going 
forward  and  down  and  going  to  the  chim¬ 
ney  at  the  bottom  of  the  boiler,  and  I 
found  the  results  for  economy  were  very 
great,  indeed;  and  it  is  a  practice  we  have 
adopted,  in  our  construction,  of  bricking 
in  cast  iron  boilers.  I  think  we  have 
more  combustion  also  in  the  cast  iron 
boiler,  and  larger  flue  space  for  the  gas 
to  travel  through  and  become  ignited, 
so  that  we  can  get  much  better  results 
from  them  than  we  can  from  a  fire  box 
boiler  under  the  same  conditions. 

The  Secretary:  We  are  going  into  the 
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question  of  boiler  construction,  rather 
than  heating  of  the  building.  But  I  just 
want  to  agree  with  Mr.  Morgan  in  one 
thing  that  he  says,  that  he  could  get  bet¬ 
ter  results  from  a  cast  iron  boiler.  And 
then  I  want  to  say  that  in  my  opinion 
a  properly  constructed  cast  iron  sectional 
boiler  does  not  require  bricking  in,  in  or¬ 
der  to  make  it  give  better  results.  It  is 
only  a  defect  in  construction  that  re¬ 
quires  the  use  of  the  bricking  in. 

Mr.  Morgan:  I  think  I  have  to  take 
issue  with  Mr.  Mackay  about  one  thing. 
Isn’t  it  a  question  of  the  heating  on  the 
inside  of  the  boiler,  and  leaving  the  out¬ 
side  to  do  the  condensing?  The  con¬ 
densation  of  your  heating  medium  is  sup¬ 
posed  to  take  place  in  the  radiator.  I 
think  the  covering  of  the  boiler  with  as¬ 
bestos  is  merely  a  makeshift.  The  gas 
may  just  as  well  travel  around  the  out¬ 
side  of  the  boiler  and  make  a  heating 
surface  of  the  condensation  surface  as  not. 
I  don’t  want  to  state  what  the  results 
were  in  one  instance  that  I  know  of,  be¬ 
cause  it  would  be  very  hard  to  believe, 
and  then  Mr.  Mackay  would  go  back 
and  say  it  was  the  fault  of  the  boiler, 
which  I  do  not  believe. 

Mr.  Thompson:  I  would  like  to  inquire 
why,  in  assuming  the  ratio  of  radiating 
surface  in  the  building  to  be  heated,  so 
much  weight  is  given  to  the  cubic  con¬ 
tents  in  proportion  to  the  wall  surface, 
and  closed  surface?  I  have  not  had  time 
to  figure  this  out,  but  in  looking  at  it 
I  should  judge  that  the  number  of  square 
feet  given  on  account  of  the  cubic  con¬ 
tents  are  very  much  greater  than  the 
number  of  square  feet  for  the  door  sur¬ 
face  and  wall  space  combined.  Why  was 
that  plan  adopted? 

Mr.  Capron:  I  have  used  that  formula 
for  the  past  ten  or  twelve  years,  and 
have  been  very  successful  with  it. 

Mr.  Widdicombe:  I  would  like  to  ask 
Mr.  Capron  if  it  is  not  a  fact  that  Mr. 
Mackay’s  remark  about  the  steel  boiler 
falling  down  in  the  summer  time  does 
not  equally  apply  to  a  cast  iron  boiler 
cracking  in  the  winter  time? 

Mr.  Capron:  I  think  that  a  cast  iron 
boiler  will  crack  if  it  freezes  in  the  win¬ 
ter  time.  What  the  results  would  be  with 
the  fire  box  boiler  under  the  same  con¬ 
ditions,  it  is  hard  to  say.  Of  course,  it 
would  not  damage  the  boiler  to  the  same 
extent.  I  think  there  are  points  in  favor 
of  both  boilers. 

Mr.  Larson:  There  is  another  objection 
to  the  fire  box  boiler  that  I  have  not 
heard  mentioned;  that  is,  that  it  is  im¬ 
possible  in  a  fire  box  boiler  to  get  up 
the  heat  in  the  furnace  that  is  required 
for  good  combustion.  For  perfect  com¬ 
bustion  it  is  necessary  to  have  your  fire¬ 
place  of  your  furnace  as  hot  as  possible. 
You  can’t  get  your  furnace  in  the  fire 
box  as  hot  as  you  can  in  the  brick  fur¬ 
nace. 

Mr.  Stangland:  Mr.  Harvey,  of  Detroit, 


if  he  were  so  inclined,  could  give  us  a 
unique  experience  with  firing  with  a  loco¬ 
motive  type  boiler. 

Mr.  Harvey:  I  don’t  think  that  is  hard¬ 
ly  fair;  I  have  no  boilers  to  sell. 
(Laughter.)  Neither  do  I  advocate  any 
special  kind  of  boiler:  neither  do  I  think 
that  it  is  exactly  in  line  with  the  sub¬ 
ject  of  the  paper,  which  was  read  just 
now.  I  had  a  peculiar  experience  with  a 
railroad  company  that  had  a  number  of 
locomotive  boilers  being  used  for  pow¬ 
er  plants.  The  reason  was  that  the  mas¬ 
ter  mechanic  was  a  thorough  locomotive 
engineer  and  thought  that  the  locomotive 
type  of  boiler  was  the  proper  kind  of 
boiler  to  be  used  for  almost  every-  pur¬ 
pose.  He  even  had  it  installed  in  his 
power  plant.  They  were  consuming  a 
tremendous  pile  of  fuel  for  the  amount  of 
power  produced.  The  purchasing  agent 
requested  me  to  look  the  plant  over  and 
find  out  what  was  the  cause  for  so  great 
a  consumption  of  fuel  for  the  amount  of 
power  derived.  I  looked  the  situation 
over  very  carefully,  and  found  five  very 
large  locomotive  boilers  in  use.  I  watch¬ 
ed  the  firing,  and  I  saw  that  the  coal  was 
thrown  right  into  the  fire  box,  and  by 
the  time  it  got  into  the  flue  to  go  through 
the  chimney  combustion  had  taken  place 
in  there,  after  it  left  the  boiler.  There 
would  be  a  stream  of  flame  going  out  of 
the  chimney.  Of  course,  I  told  them  that 
if  they  took  one-third  of  the  boiler 
capacity  that  they  had  out  there,  and  put 
in  a  plain  horizontal  type  boiler  they 
would  get  better  results.  They  did.  By 
doing  this,  of  course,  I  got  the  ill-will 
of  the  master  rnechanic.  He  didn’t  think 
IS  was  a  very  nice  thing.  So  I  suggested 
to  him  later  on — they  had  several  large 
roundhouses  that  they  wanted  heated — 
I  suggested  that  he  let  me  take  one  of 
those  same  boilers  that  were  thrown  out 
and  put  it  into  the  roundhouse,  which 
was  done;  and  then  we  put  a  coal  fire  in 
front  of  it  and  made  a  bridge  wall  of 
about  five  feet  from  the  front  end  of  the 
boiler,  and  fired  under  the  shell,  and  the 
gases  passed  from  the  bridge  wall  and 
then  down  into  the  fire  box,  so  that 
by  having  a  brick  lined  fire — it  was  en¬ 
tirely  set  in  brick — by  putting  the  fire 
through  this  bricked  box  and  then  pass¬ 
ing  through  the  process  of  combustion, 
all  the  gas  passed  through  the  fire  box, 
thence  through  the  flues  and  thence  on 
top  of  the  boiler  into  the  flue  in  front. 
By  doing  this  they  got  the  very  best  econ¬ 
omy  that  I  ever  saw  with  a  boiler.  They 
had  perfect  combustion,  and  the  result 
was  that  they  took  all  of  those  five  boil¬ 
ers  and  distributed  them  around  the  dif¬ 
ferent  plants  along  the  line  and  used 
them  instead  of  any  other  boiler  that 
they  had  purchased.  I  think  that  you 
will  probably  understand  the  situation 
from  that  statement. 

Mr.  Munroe:  Returning  to  the  subject, 
I  would  like  to  ask  Mr.  Capron  if  he  had 
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any  particular  reason  for  placing  the  radia¬ 
tion  around  on  the  second  and  third  floor 
other  than  under  the  windows?  It  seems 
to  me  nowadays  there  is  a  difference  of 
opinion  among  engineers  as  to  the  quan¬ 
tity  of  surface  necessary  to  heat  rooms, 
and  the  placing  of  radiators  under  win¬ 
dows,  or  otherwise  than  under  the  win¬ 
dows.  I  would  like  to  hear  some  ex¬ 
pression  of  opinion  as  to  whether  it  is 
still  adhered  to  as  being  the  best  prac¬ 
tice  to  put  radiators  under  the  windows. 

Mr.  Capron:  In  this  case  the  radiators 
were  located  to  suit  the  owners  of  the 
building.  I  always  like  to  have  the  radia¬ 
tors  on  the  outside  walls  and  under  the 
windows,  if  possible.  I  don’t  think  there 
is  much  difference  between  the  outside 
walls  and  the  window,  as  regards  the  heat¬ 
ing  of  the  room.  Placing  the  radiator 
over  in  the  center  of  the  room,  on  the  in¬ 
side  wall,  I  used  at  least  25  per  cent,  addi¬ 
tional  radiation — usually  at  least  that 
much.  But  we  have  to  follow  the  wishes 
of  the  owners  to  a  certain  extent  in  the  lo¬ 
cation  of  radiators  at  all  times. 


Mr.  Capron:  The  general  style  of  the 
heating  plant  which  this  paper  refers  to 
is  somewhat  different,  I  think,  from  the 
ordinary  house  heating  plant  that  is  put 
in.  I  can’t  think  now  of  more  than  one 
other  residence  in  Chicago  heated  by  hot 
water,  with  an  automatic  by-pass  damper 
arrangement  for  a  residence  plant.  It  is 
somewhat  peculiar  in  its  construction,  and 
that  is  one  reason  why  I  sent  it  in  to  the 
Association.  There  was  one  point  in  re¬ 
gard  to  the  test,  or  the  turning  over  of 
the  plant  to  the  owner.  I  think  that  with 
plants  of  this  description,  and  with  a  great 
many  other  plants,  that  before  turning 
them  over  to  the  owner,  the  men  in 
charge — who,  as  a  rule,  is  not  a  licensed 
engineer,  or  has  not  had  much  experi¬ 
ence — should  have  a  week’s  tuition  with  a 
competent  man.  I  think  the  general  re¬ 
sults  would  be  far  better  from  the  con¬ 
tractor’s  standpoint  and  the  engineer’s. 

The  first  paper  of  the  Saturday  morning 
meeting  was  that  of  R.  S.  Thompson  on 
“Possibilities  in  Heating  with  Hot  Air.” 


Vossibilities  in  Heating  With  Hot  Air 

By  R.  S.  Thompson 


Judgment  is  liable  to  be  influenced  by 
interest,  and  it  is  natural  to  suppose  when 
a  person  advocates  any  particular  system 
of  heating  that  he  has  a  special  financial 
interest  in  that  system. 

That  the  arguments  I  present  may  not 
be  thus  discounted,  I  will  state  that  the 
concern  with  which  I  am  connected  is 
just  as  well  pleased  to  get  a  contract  for 
heating  with  hot  water  or  steam  as  with 
hot  air,  and  my  opinions  are,  therefore, 
unbiased  by  interest. 

The  primary  object  in  all  house  heat¬ 
ing  apparatus  is  to  fill  the  house  with 
warm  air,  and  in  all  systems  the  air  is 
warmed  by  contact  with  heated  surfaces, 
as  air  is  absolutely  transparent  to  radiant 
heat. 

In  heating  with  hot  air.  the  air  is  heated 
by  contact  with  hot  surfaces  in  a  central 
heating  apparatus,  and  is  then  conveyed 
to  the  rooms.  In  heating  with  hot  water 
or  steam,  the  water  is  heated  in  the  heat¬ 
ing  apparatus,  conveyed  to  the  rooms,  and 
there  used  to  heat  the  iron  of  the  radia¬ 
tors,  which  in  turn  heats  the  air. 

The  diflference  between  the  two  systems 
is,  therefore,  practically  that  in  the  hot 
air  system,  the  air  is  heated  by  one  cen¬ 
tral  plant,  while  with  hot  water  and  steam, 
the  air  is  heated  by  a  separate  plant  or 
substation  in  each  room,  which  substation 
is  heated  from  a  central  station. 

It  is  not  my  purpose  to  disparage  the 
system  of  heating  the  air  by  individual 
heating  plants,  but  to  .«how  some  of  the 
possibilities  in  heating  the  air  by  a  cen¬ 
tral  plant,  a  system  which,  in  my  judg¬ 
ment,  has  been  largely  left  to  incompetent 


men,  and  has  not  received  the  attention 
and  scientific  study  which  it  deserves. 

That  this  system  has  been  in  a  large 
proportion  of  cases  unsatisfactory,  I  free¬ 
ly  admit,  but  believe  that  the  failures 
have  been  due  to  errors  in  construction  or 
operation  and  not  to  any  inherent  defect 
in  the  principle. 

Heating  the  air  by  a  central  plant  in¬ 
volves  less  expense  in  the  installation, 
and  this  is  a  matter  which  demands  the 
consideration  of  the  practical  engineer. 
Economy  in  first  cost  is  not  everything, 
but  it  is  something,  and  with  probably 
ninety-nine  out  of  one  hundred  people 
who  have  homes  to  heat,  a  very  vital 
something.  While  a  really  first-class  hot 
air  plant  cannot  be  installed  at  the  prices 
commonly  charged  for  inferior  and  in¬ 
efficient  ones,  yet  even  such  a  plant  costs 
less  than  a  hot  water  or  steam  system. 
Economy  of  first  cost  is,  therefore,  a  pos¬ 
sibility  in  heating  with  hot  air. 

But  economy  of  operation  is  no  less  im¬ 
portant.  The  plant  is  paid  for  once,  the 
fuel  bill  is  a  continuing  ‘expense  and  fre¬ 
quently  amounts  to  more  in  a  few  years 
than  the  first  cost  of  the  plant.  No  sys¬ 
tem  is  economical  which  involves  a  con¬ 
tinuous  useless  expense. 

What  are  the  specific  facts  in  regard  to 
cost  of  operation  in  heating  with  hot  air? 

A  given  amount  of  fuel  w'ill  in  perfect 
combustion  set  free  a  given  amount  of 
heat,  no  more  and  no  less.  The  heat  is  in 
the  fuel,  not  in  furnace  or  boilers.  No 
heating  apparatus  can  add  a  single  unit. 
The  theoretically  perfect  plant  would  be 
one  in  which  there  was  absolutely  perfect 
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combustion  of  the  fuel  and  complete  utili¬ 
zation  of  the  heat  released  by  this  com¬ 
bustion,  and  on  these  two  points  depends 
the  comparative  economy  of  operation. 

On  the  first  point,  completeness  of  com¬ 
bustion,  while  there  is  large  difference  in 
different  apparatus,  there  is  no  essential 
difference  between  the  two  systems.  The 
fuel  can  be  burned  as  perfectly,  and  as 
large  a  proportion  of  the  heat  units  con¬ 
tained  in  it  be  released,  with  one  system 
as  with  the  other.  The  issue  is,  therefore, 
narrowed  to  what  becomes  of  the  heat 
after  it  is  released  from  the  fuel. 

Heat  cannot  be  destroyed.  Once  pro¬ 
duced,  it  must  either  be  transformed  into 
some  other  form  of  energy  or  continue  as 
heat.  In  house  heating,  it  may  be  practi- 
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eally  .said  that  all  the  heat  released  by 
combustion  cither  goes  toward  heating  the 
house,  that  is,  to  replacing  that  which  has 
been  lost  by  radiation  and  leakage  through 
walls  and  windows,  or  escapes  up  the 
chimney  having  performed  no  more  use¬ 
ful  function  than  the  creation  of  a  draft. 

The  extent  to  which  the  heat  produced 
is  utilized  can,  therefore,  be  practically 
determined  by  ascertaining  the  per  cent, 
which  escapes  to  the  chimney.  The  lower 
the  temperature  at  which  the  waste  prod¬ 
ucts  of  combustion  escape  to  the  chimney 
(velocity  of  current  being  the  same)  the 
larger  will  be  the  per  cent,  utilized  for 
heating  the  house  and  consequently  the 
greater  the  economy  of  operation.  In  other 
words,  the  extent  to  which  the  cooling  of 
the  products  of  combustion  can  be  carried 
IS  the  measure  of,  the  efficiency  of  any 
heating  apparatus. 

Let  us  see  the  theoretical  limit  to  which 
the  cooling  can  be  carried,  keeping  in 


miqd  the  fact  that  the  theoretical  lithit 
can  never  be  reached  much  less  passed  in 
practice. 

The  products  of  combustion  are  cooled 
by  contact  with  metal  which  is  cooled  by 
contact  with  water  or  air.  The  theoreti¬ 
cal  limit  of  cooling  is,  therefore,  the  teni- 
perature  of  the  air  or  water  by  which  this 
cooling  is  accomplished.  ' 

With  live  steam,  the  possible  minimum 
is  the  temperature  of  water  boiling  under 
normal  atmospheric  pressure,  or  212  de¬ 
grees. 

With  hot  water,  the  possible  minimum  is 
the  temperature  of  the  water  as  it  returns 
to  the  boiler  from  the  radiators,  usually 
140  degrees  to  170  degrees. 

With  hot  air,  the  possible  minimum  is 
the  temperature  of  the  cold  air  entering 
the  furnace,  anywhere  from  below  zero 
to  70  degrees. 

The  theoretical  limit  of  cooling  and 
consequent  theoretical  economy  in  opera¬ 
tion  is,  therefore,  lower  with  hot  water 
than  with  steam,  and  lower  with  hot  air 
than  with  either  hot  water  or  steam. 

It  is,  therefore,  possible — theoretically — 
to  heat  with  hot  air  more  economically 
than  with  any  other  system. 

But  the  advocates  of  the  other  systems 
will  contend  that  while  this  may  be  so  in 
theory,  yet  that  in  practice,  owing  to  the 
greater  power  of  water  to  absorb  heat,  it 
is  otherwise,  and  that  actually  the  exhaus¬ 
tion  of  the  heat  contained  in  the  prod¬ 
ucts  of  combustion  is  carried  much  further 
in  both  steam  and  hot  water  heating  than 
it  is  in  hot  air  heating. 

In  many  cases.  I  admit  the  contention, 
but  in  turn  contend  that  the  reason  is  to 
be  found  in  the  construction  of  the  ap¬ 
paratus  and  not  in  the  principle,  and  that 
it  is  entirely  possible  to  so  construct  hot 
air  apparatus,  that  the  same  difference  in 
its  favor,  as  compared  with  hot  water  tind 
steam,  will  exist  in  practice  as  is  shown  in 
theory. 

A  few  days  since  I  made  a  test  with  a 
hot  air  furnace,  and  found  the  tempera¬ 
ture  in  the  smoke  pipe  was  120  degrees,  or 
at  least  20  degrees  lower  than  the  theoreti¬ 
cal  minimum  with  hot  water,  and  92  de¬ 
grees  lower  than  the  theoretical  mini¬ 
mum  with  steam.  Probably  you  will  say 
that  the  fire  was  low.  Judge  for  your¬ 
selves.  At  the  time  I  took  the  tem¬ 
perature  of  the  smoke  pipe,  the  furnace 
was  delivering  over  a  thousand  cubic  feet 
of  air  a  minute  at  a  temperature  of  210 
degrees.  And  when  this  test  was  made, 
the  temperature  of  the  outside  air  was 
80  degrees,  or  at  least  40  degrees  higher 
than  would  be  usual  in  the  use  of  the  ap¬ 
paratus.  It  may  safely  be  said,  there¬ 
fore,  that  in  actual  practice  the  cooling 
of  the  products  of  combustion  in  a  hot 
air  furnace  can  be  actually  carried  from 
40  degrees  to  120  degrees  lower  than  the 
theoretical  minimum  with  hot  water  and 
steam. 

I  think  it,  therefore,  demonstrated,  both 
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by  scientific  deduction  and  practical  test, 
that  one  of  the  possibilities  in  heating 
with  hot  air  is  the  utilization  of  a  larger 
per  cent,  of  the  heat  contained  in  the  fuel 
than  can  be  secured  by  any  other  system. 

In  heating  with  hot  air,  however,  there 
is  an  expenditure  of  heat  which  may  per¬ 
haps  be  called  waste,  namely,  the  heat 
contained  in  the  air  which  is  forced  out 
of  the  building  by  the  pressure  of  the 
warm  air  that  is  being  poured  in. 

But  this  loss  of  heat  is  due  to  the  ne¬ 
cessity  for  ventilation.  A  given  amount 
of  ventilation  will  involve  the  same  loss 
of  B.  T.  U.  whatever  the  heating  system 
may  be. 

It  is  true,  with  hot  water  or  steam  heat, 
it  is  possible  to  reduce  the  ventilation  be¬ 
low  the  proper  ratio  and  thus  save  heat. 
But  this  is  equally  possible  with  hot  air, 
if  the  plant  is  so  constructed  that  the 
amount  of  ventilation  can  be  controlled. 

It  is  true,  that  with  hot  air  heating, 
ventilation  can  be  carried  to  a  point  which 
will  involve  large  loss,  as  I  shall  show 
hereafter.  The  same  is  true  with  hot 
water  and  steam.  You  can  open  the  win¬ 
dows  and  crowd  the  fire. 

But  in  either  case,  the  loss  is  to  be 
charged  up  to  ventilation,  or  bad  manage¬ 
ment,  and  not  to  the  system  of  heating, 
and  can  be  as  well  controlled  under  one 
system  as  another. 

It  is  a  possibility  in  heating  with  hot  air 
to  heat  all  the  rooms  in  a  house  at  the 
same  time.  I  am  compelled  to  admit  that 
this  is  not  always  done  in  practice.  I 
could  not  even  dispute  the  statement  that 
it  is  not  often  done,  but  I  can  demon¬ 
strate  both  theoretically  and  practically 
that  it  can  be  done,  and  that  which  can  be 
done  is  a  possibility. 

The  difficulty  has  not  been  in  the  prin¬ 
ciple,  but  in  the  apparatus,  not  in  the 
gun  but  in  the  man  behind  the  gun. 

If  the  amount  of  cold  air  that  is  sup¬ 
plied  to  the  furnace  is  equal  to  the 
amount  that  can  be  forced  through  all 
the  hot  air  pipes,  if  the  construction  of 
the  furnace  is  such  that  this  amount  of  air 
can  pass  through  the  casing  and  reach  the 
hot  air  pipes,  with  velocity  unreduced  by 
friction,  if  the  furnace  has  the  necessary 
surface  and  the  necessary  arrangement  of 
surface  to  heat  all  this  air,  if  the  size  and 
form  of  the  hot  air  pipes  is  such  as  will 
permit  the  passage  of  the  required  amount 
of  air  to  each  room,  and  if  there  is  no 
serious  “back  pressure”  in  any  room,  the 
furnace  will  heat  them  all  at  the  same 
time.  For  if  enough  air  is  being  pressed 
through  the  furnace  to  supply  all  that  can 
be  carried  by  all  the  pipes,  the  pressure  in 
the  furnace  will  force  this  air  through  all 
these  pipes,  if  the  resistance  due  to  fric¬ 
tion  and  back  pressure  in  the  rooms  is 
less  than  the  pressure  in  the  furnace.  That 
is  a  simple  matter  of  mathematical  dem¬ 
onstrations. 

There  are  a  great  many  “ifs”  in  that 
claim?*  Certainly.  And  it  is  the  business 


of  the  heating  engineer  to  look  after 
those  “ifs.”  If  he  can’t  do  it,  he  has  not 
yet  mastered  his  profession. 

These  “ifs”  cannot  be  met  either  by 
guess  work  or  by  a  set  of  hard  and  fast 
rules.  They  require  a  thorough  scientific 
knowledge  of  the  principles  involved,  a 
considerable  amount  of  practical  experi¬ 
ence,  and  ajiberal  use  of  horse  sense. 

Air  is  compressible  and  elastic.  It  is 
subject  to  friction,  inertia,  and  momen¬ 
tum.  The  fact  that  two  pipes  have  the 
same  area  is  not  proof  that  the  same  pres¬ 
sure  will  force  the  same  amount  of  air 
through  each.  To  get  proportions  correct, 
is  not  a  simple  or  easy  matter,  but  re¬ 
quires  the  exercise  of  brains  and  judg¬ 
ment. 

It  is  possible  in  heating  with  hot  air, 
to  heat  those  rooms  which  are  most  ex¬ 
posed  to  the  wind,  or  the  windward  side 
of  large  rooms.  The  course  of  heated  air 
is  subject  to  definite  laws,  and  by  the  use 
of  these  laws  it  can  be  controlled.  But 
the  man  who  would  control  it  must  make 
himself  familiar  with  these  laws  and  not 
content  himself  with  a  lot  of  empirical 
formulas. 

The  cause  of  trouble  in  heating  rooms 
exposed  to  the  wind  is  that  the  air  pres¬ 
sure  on  the  outside  by  leakage  produces 
air  pressure  in  the  room,  and  if  the  pres¬ 
sure  in  the  room  is  greater  than  the  pres¬ 
sure  in  the  pipe,  the  greater  will  over¬ 
come  the  less.  If  the  pressure  of  air  on 
the  outside  is  so  great  that  the  pressure 
of  air  in  the  pipe  cannot  force  air  out 
through  the  crevices  around  windows,  and 
there  is  no  outlet  for  the  air,  it  will  be  im¬ 
possible  to  force  air  into  the  room  and 
consequently  impossible  to  heat  that  room. 

But  the  difficulty  can  be  overcome  by 
providing  a  proper  outlet,  of  the  proper 
size  and  in  the  proper  location. 

Nothing  has  done  so  much  to  injure 
heating  with  hot  air  as  the  common  idea 
that  neither  skill  nor  scientific  knowledge 
is  needed  in  connection  with  it.  The  sys¬ 
tem  has  been  neglected  by  scientific  men, 
and  the  work  is  frequently  turned  over  to 
common  mechanics.  In  many  places,  the 
carpenter  is  given  the  job  of  having  the 
house  piped,  and  he  turns  it  over  to  who¬ 
ever  gets  the  contract  for  roofing  and 
spouting.  The  average  man  who  would 
not  think  of  laying  out  a  shoe  closet  in 
the  house  he  is  building,  without  consult¬ 
ing  an  architect,  will  give  all  the  directions 
for  putting  in  a  furnace,  determine  its  size, 
its  location,  the  pipes  and  the  registers. 
Then  he  expects  the  “furnace  man”  to 
put  in  the  furnace  on  plans  of  the  build¬ 
ers’  selection,  and  guarantee  the  working 
of  the  plant. 

And  strangest  of  all,  there  are  plenty 
of  “furnace  men”  who  will  do  it. 

No  wonder  guarantees  on  the  working 
of  hot  air  furnaces  are  worth  but  little. 

There  is  one  point  in  connection  with 
heating  with  hot  air,  to  which  I  have  al¬ 
ready  referred,  in  which  there  is  a  pos- 
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sibility  of  great  waste  of  heat.  This  is 
over-ventilation. 

Take  a  house  in  which  the  loss  by  radia¬ 
tion  from  walls  is  80,000  B.  T.  U.  per 
hour,  in  zero  weather. 

To  maintain  the  temperature  by  re¬ 
placing  this  loss,  will  require  the  use  of 
62,857  cubic  feet  of  air  per  hour  at  a 
temperature  of  140  degrees. 

Supposing  the  family  consists  of  six  per¬ 
sons,  the  maximum  requirement  for  ven¬ 
tilation  would  be  11,800  cubic  feet  per 
hour.  In  this  case,  we  are  using  51,057 
cubic  feet  of  air  per  hour  in  excess  of 
the  amount  required  for  ventilation.  If 
this  air  escapes  at  70  degrees  and  has  been 
heated  from  zero,  it  represents  a  loss  of 
64.963  B.  T.  U..  or  about  eight  pounds 
of  coal  per  hour. 

In  my  judgment,  the  remedy  for  this  is 
to  make  provision  for  recirculating  this 
excess  of  air. 

DISCUSSION 

Professor  Carpenter:  In  the  first  place  I 
wish  to  express  my  intense  satisfaction 
with  the  paper.  It  brings  before  us  a 
method  of  heating  which  the  paper  very 
irsiiy  states  has  been  neglected  by  engi¬ 
neers.  I  think  and  believe — in  fact.  I  feel 
quite  certain — that  very  much  more  can 
be  done  with  systems  of  furnace  heating 
than  has  been  done  in  the  past  by  giving 
pipes  and  all  the  various  details  much 
better  attention,  and  by  working  out  pro¬ 
portions  in  much  more  accurate  form  than 
hr.e  been  done  in  the  past.  There  are 
one  or  two  things  in  connection  with  the 
paper,  which,  perhaps,  I  did  not  under¬ 
stand.  or  do  not  quite  agree  with.  One 
statement  is  in  regard  to  the  theoretical 
efficiency  of  hot  air  heating  as  compared 
with  the  proficiency  of  heating  with  steam 
or  hot  water.  As  I  understand  the  calcu¬ 
lation  of  the  paper,  it  is  based  on  the 
higher  theoretical  efficiency  of  heating 
with  hot  air  than  with  hot  water,  as  being 
due  to  the  fact  that  the  air  will  be  de¬ 
livered  from  the  furnace  at  a  lower  tem¬ 
perature  than  is  possible  with  steam  or 
hot  water.  That  might  be  true  under  some 
conditions,  with  air  to  be  warmed  only  at 
a  temperature  of  150  or  160  degrees.  In 
that  case  there  would,  of  course,  be  an 
opportunity  of  warming  this  air  and  still 
l)ermitting  the  air  heating  surface  to  be 
less  than  that  required  with  steam.  For 
instance,  the  heating  surface  with  steam 
inust.be  in  excess  of  the  steam  or  the  tem¬ 
perature  of  the  steam  taken  off.  But  I 
think  those  instances  are  rare.  I  think  in 
practice  the  temperature  of  a  hot  air  fur¬ 
nace  is  in  excess  of  that  required  to  sup¬ 
ply  steam.  In  such  cases  I  fail  to  see 
why  we  would  have  any  theoretical  ad¬ 
vantage  in  the  hot  air  over  the  steam. 

Now,  as  for  the  figures  stated  in  the  pa¬ 
per,  it  seems  to  me  they  are  open  to  con¬ 
siderable  question,  as  to  their  accuracy; 
not  as  to  their  accuracy  at  the  time  the 
observations  were  made;  but  as  to  their 


continued  accuracy.  In  the  operation  of 
any  of  the  heating  systems,  you  must 
consider  that  the  apparatus  works  some¬ 
what  like  a  large  flywheel.  If  you  were  to 
measure  the  force  given  off  by  a  large 
flywheel,  and  the  force  put  into  a  large 
flywheel  at  different  instances  of  time, 
you  would  at  some  time  believe  the  fly¬ 
wheel  was  apparently  running  itself,  giving 
off  a  great  deal  of  force  and  nothing  go¬ 
ing  into  it.  At  other  times  the  reverse 
conditions  appear.  The  same  thing  is  true 
so  far  as  heating  is  concerned,  and  the 
working  of  a  heating  apparatus.  At  times 
it  absorbs  heat.  We  burn  a  great  deal 
of  coal  merely  to  get  it  hot;  then  the  heat 
is  given  up  and  the  reverse  condition  is 
true;  the  heating  apparatus  is  giving  off 
more  heat  than  it  is  receiving.  In  these 
papers  the  temperature  is  taken  with  the 
heating  apparatus  giving  off  more  heat 
than  it  is  receiving,  with  the  smoke  float¬ 
ing  out  at  20  degrees  temperature,  and  the 
hot  air  warmed  by  the  heating  surface  to. 
about  210  degrees.  That  could  not  have 
continued  very  long  with  those  relations 
of  temperatures.  If,  for  instance,  the  test 
had  been  made  for  twenty-four  hours,  or 
even  ten  hours,  by  making  these  tempera¬ 
ture  measurements  I  feel  ouite  certain 
that  the  average  of  those  would  have 
shown  a  considerable  excess  of  flue  tem¬ 
peratures  over  temperatures  of  heated  air. 
That  I  feel  must  be  true,  from  the  theo¬ 
retical  discussion  here  as  well  as  from 
my  large  experience  in  making  tests.  That, 
of  course,  does  not  affect  the  test  state¬ 
ments  made  in  that  paper. 

I  feel  with  the  author  that  the  systems 
of  hot  air  heating  may  be  very  much 
improved,  and  that  very  excellent  results 
can  be  obtained  by  properly  proportion¬ 
ing  the  surfaces.  He  calls  attention  to 
one  very  interesting  thing  at  the  latter 
part  of  his  paper,  and  that  is,  in  the  heating 
of  air  for  the  ordinary  use  of  a  house  an 
amount  considerably  in  excess  of  that 
required  for  ventilation  is  warmed;  and 
I  think  his  advice  is  very  good,  that  in 
such  instances  it  would  be  wise  to  recircu¬ 
late  this  air  and  thus  avoid  loss  of  heat. 
That  is  done  very  easily,  and  I  think  it 
will  result  in  considerable  saving  in  fuel. 

Mr.  Thompson:  I  am  very  much  obliged 
to  Professor  Carpenter  for  the  points  he 
has  brought  out.  and  for  his  kindly  crit¬ 
icisms.  I  confess  I  felt  a  considerable 
amount  of  trepidation  when  the  veteran  on 
heating  and  ventilating  arose  to  discuss 
my  paper.  In  regard  to  the  matter  of  the 
possibility  of  exhaustion,  I  must  explain 
the  principle  in  which  it  worked  out.  I 
assume  you  cannot  heat  anything  hotter 
than  the  thing  that  heats  it,  but  there  is 
such  a  thing  as  having  continuous  process 
going  on.  In  running  a  steam  boiler  you 
can  take  your  exhaust  steam  and  heat  the 
water  that  goes  to  the  boiler,  and  that 
water  may  reduce  the  temperature  of  the 
exhaust  steam  far  below  the  temperature 
of  the  water  in  the  boiler.  Now  in  the 
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construction  of  a  heating  apparatus  if  you 
take  your  cooling  agent,  that  is,  the  air, 
as  to  the  hottest  portion  of  the  furnace, 
and  let  it  progress  through  that  over  flues 
and  radiators,  which  are  filled  with  the 
cooler  products  of  combustion,  it  is  cer¬ 
tain  the  temperature  of  the  air  you  de¬ 
liver  to  the  registers  cannot  theoretically 
be  any  higher,  and  practically  must  be  very 
much  lower  than  the  temperature  of  the 
iron  surface  which  heats  it.  But  if  you 
reverse  that  course  and  if  the  cold  air 
entering  your  furnace  is  surrounded  with 
the  exhaust  portions  of  the  waste  products, 
you  can,  with  the  cold  air,  reduce  the  tem¬ 
perature  of  the  waste  products  to  any  de¬ 
cree  you  please.  You  can  then  carry  your 
partially  warmed  air  just  like  your  water, 
as  it  is  claimed  that  the  exhaust  steam 
is  carried  on  to  warm  the  surface  of  the 
furnace.  But  where  it  leaves  the  furnace 
at  the  point  where  it  is  the  hottest  you 
can  have  the  air  coming  out  at  the  top 
300  or  400  degrees,  if  you  want  it. 

In  regard  to  the  Professor’s  criticism 
concerning  the  continuity  of  operation,  I 


want  to  say  that  I  have  made  not  one 
but  over  25  different  tests  of  different 
styles  of  apparatus  in  this  line,  and  in  every 
one  I  secured  practically  the  same  results. 
The  details  varied  verv  much.  There  was 
occasionally  cases  where  the  hot  air  was 
not  as  hot  as  the  waste.  Other  cases,  and 
the  majority  of  them,  it  was  hotter.  But 
the  practical  results  were  always  the  same, 
and  I  have  installed  an  apparatus  where 
not  for  a  few  hours,  but  for  the  entire 
winter,  frequent  observations  were  made, 
and  carried  out — apparatus  in  practical  op¬ 
eration,  heating  houses  for  the  entire  win¬ 
ter,  where,  for  the  entire  winter  the  tem¬ 
perature  of  the  exhaust,  as  we  call  it,  was 
less  than  the  temperature  of  the  hot  air. 
In  most  cases  where  I  have  made  tests, 
not  all  of  them,  but  most  of  them,  the 
fuel  was  natural  gas.  That  is  my  pet 
hobby.  I  like  to  monkey  with  natural  gas 
better  than  any  other  fuel.  It  is  more 
easily  controlled  than  coal,  but  I  have 
gotten  the  same  results  in  proper  opera¬ 
tion  with  coal. 


Sheet  Metal  Radiation 

By  H.  W.  Nowell 


Sheet  metal  radiation  has  been  in  use 
for  over  fifty-four  years,  and  in  its  varied 
forms  is  well  known  to  be  of  more  value 
as  a  heating  agency  than  any  other  form 
or  type  of  radiation.  Undoubtedly  one  of 
the  most  efficient  forms  was  the  flat  wall 
radiator  invented  in  1854,  and  one  of  more 
recent  date  in  corrugated  form,  made  in 
France,  both  of  which  are  still  being  man¬ 
ufactured  on  special  order.  The  writer 
has  knowledge  of  these  that  have  been  in 
actual,  use  for  over  thirty-nine  years,  and 
the  efficiency  and  apparent  durability  has 
not  in  any  manner  depreciated.  The  sheet 
metal  radiator  made  in  this  country,  which, 
as  before  stated,  was  invented  in  1854. 
was  originally  made  of  Swedish  Bloom 
iron  and  buttoned  together  on  its  flat  sur¬ 
face  with  copper  rivets.  The  originals  of 
this  first  line  are  in  use  to-day,  but  when 
other  makes  of  radiation  came  into  the 
market,  the  manufacturers  of  this  radia¬ 
tor,  in  order  to  compete  with  the  price, 
used  a  cheaper  grade  of  metal  which  was 
apparently  Bessemer  steel  and  riveted  with 
iron  rivets.  The  life  of  these  was  very 
short.  They  were  not  galvanized ;  were 
made  entirely  by  hand,  and  lap-jointed 
around  the  edge  and  soldered.  The  cor¬ 
rugated  French  radiator  was  made  in  a 
similar  manner,  riveted  at  the  alternate 
points  of  corrugation.  The  writer  has  no 
record  of  the  life  of  these,  except  a  state¬ 
ment  made  by  a  manufacturer  that  he 
knew  of  their  being  in  use  for  over  thirty 
years.  There  was  still  another  made  up 
in  tubular  form,  tube  within  tube,  which 
was  designed  and  used  in  Philadelphia 
twenty-eight  years  ago,  and  the  writer 
knows  of  some  of  them  still  in  use  and 


claimed  as  giving  better  results  than  any 
other  type  of  radiator. 

The  many  different  types  of  sheet  metal 
radiation  are  conceded  by  engineers  to  be 
the  most  efficient,  but  questions  have  arisen 
regarding  the  durability,  and  pressures 
which  they  would  stand,  and  along  these 
lines  the  writer  has  had  tests  made  of  the 
metal  used  in  the  manufacture  of  a  num¬ 
ber  of  these,  and  chemists  making  the 
analyses  and  tests  make  unqualified  state¬ 
ments  that  there  should  be  no  hesitation 
in  guaranteeing  this  metal  for  any  number 
of  years. 

Among  the  different  types  of  sheet  metal 
radiators,  and  the  most  modern,  is  one 
made  along  the  lines  Of  the  cast  radiator, 
in  that  it  is  of  a  vertical  sectional  type, 
and  conceded  to  be  more  symmetrical  and 
pleasing  to  the  eye  as  to  finish  and  design 
than  other  types,  and  have  been  demon¬ 
strated  to  stand  30  to  50  pounds  pressure 
without  leakage  or  bulging.  Other  fea¬ 
tures  which  appeal  to  the  architect,  en¬ 
gineer  and  steam  fitter  are  the  lightness 
and  space  occupied  by  the  sheet  metal  ra¬ 
diator,  as  the  weight  is  about  twenty-five 
per  cent,  of  the  cast,  and  space  occupied 
about  one-half.  As  to  efficiency  in  com¬ 
parison  with  cast  and  wrought  tubes,  some 
exhaustive  tests  have  been  made,  and  I 
will  take  pleasure  in  mailing  a  copy  of 
these  tests  to  any  member  desiring  them. 

Some  time  in  the  year  1862  Professor 
Silliman,  of  Sheffield  Scientific  School, 
New  Haven,  made  tests  which  were  pub¬ 
lished,  of  the  flat  wall  radiator.  'I'he  effi¬ 
ciency  was  far  bevond  that  of  the  wrought 
tube  radiator  made  at  that  time. 

The  sheet  metal  radiator  made  at  the 
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present  time  is  manufactured  of  No.  i8 
and  No.  20  metal,  and  the  joints  are 
pressed  under  heavy  pressure,  no  solder 
is  used — the  inside  and  outside  of  each 
section  is  completely  covered  with  spelter, 
which  prevents  oxidation,  after  which  the 
sections  are  assembled  by  male  and  female 
joints  expanded  together  as  a  boiler  tube 
is  expanded  into  a  boiler  tube  head,  and 
the  mechanical  construction  is  such  as  to 
preclude  any  possibility  of  breakage  by 
reasonable  pressures,  such  as  are  used  on 
present  heating  plants. 

This  paper  is  not  written  for  the  pur¬ 
pose  or  intention  to  advertise  any  distinct 
line  of  radiators,  but  purposely  to  bring 
forward  a  line  of  discussion  or  argument 
relative  to  the  merits  of  sheet  metal  ra¬ 
diation,  and  for  the  benefit  of  all  to  re¬ 
ceive  what  enlightenment  we  can  on  this 
class  of  radiation. 

DISCUSSION 

Professor  Carpenter:  Would  you  mind 
stating  how  you  connect  those  sections  to¬ 
gether  in  this  radiator  there? 

Mr.  Nowell:  The  same  as  I  stated  in  the 
paper,  standing  the  boiler  tube  to  the 
hftiler  tube  head.  What  you  would  call  a 
male  section  on  one  side  and  a  female 
section  on  the  other.  It  is  flat  on  one  side 
and  the  other  is  projected.  We  put  them 
together  in  a  horizontal  position  with 
the  tube  extending  through,  the  two 
metals  together,  making  a  thickness  of 
three  metals  there.  We  are  also  making 
them  now  to  put  in  right  and  left  metal 
connections.  The  malleable  iron  connec¬ 
tion  is  right  and  left  now. 

Professor  Carpenter:  Would  it  be  pos¬ 
sible  for  a  steam  fitter  to  put  those  sec¬ 
tions  together? 

Mr.  Nowell:  I  don’t  think  it  is  possible 
under  the  present  construction,  but  it 
will  be  in  a  very  short  time,  as  soon  as 
we  make  the  rights  and  lefts.  We  are 
making  those  connections  now. 

Mr.  Jas.  Mackay:  This  question  of 
sheet  metal  radiation  is  one  of  very  gen¬ 
eral  interest.  1  happen  to  know  some¬ 
thing  about  making  radiators  of  sheet 
metal,  and  think  that  there  is  no  question 
whatever,  as  to  their  efficiency.  The 
doubt  in  my  mind  is  the  question  of  per¬ 
manent  durability.  I  have  made  sheet 
metal  radiators  of  galvanized  iron,  of 
Swedish  bloom  and  black  iron,  and  al¬ 
most  every  other  kind,  all  kinds  of  iron, 
and  have  riveted  them  with  copper  rivets 
and  all  that,  and  held  them  together  with 
spools.  We  have  used  them  with  the  ex¬ 
haust  system,  with  low  pressure  system, 
and  in  all  manner  of  ways.  The  difficul¬ 
ties  we  met  with  were  the  details  as  to 
the  connection,  and  the  permanent  dura¬ 
bility  of  the  metal.  ,We  were  unable  to 
find  any  sheet  metal  except  copper  that 
stood  for  any  great  length  of  time.  And 
still  we  have  had  them  in  use  for  20 
>ears.  I  think  there  arc  more  that  give 
out  s(,oner.  I  know  of  some  that  have 


given  out  in  two  years,  and  the  great  ma¬ 
jority  of  them  give  out  inside  of  five 
years.  Copper  ones  are  better,  they  wear 
better  with  copper  rivets,  they  are  very- 
durable;  no  soldering  about  them;  seam¬ 
ed  by  machinery  and  drawn  together  and 
tested,  and  everything  as  to  their  effi¬ 
ciency  and  general  utility  and  lightness 
and  compactness  all  there.  But  the  ques¬ 
tion  of  durability  was  the  one  we  were  up 
against  and  were  unable  to  solve,  al¬ 
though  we  carried  those  goods  in  stock 
and  kept  them  before  the  public  for  years 
and  years,  and  finally  abandoned  them. 
Ours  we  used  for  heating  with  hot  blasts^ 
and  for  drying  paper  pulp  and  confection¬ 
ery  and  fruits  and  things  of  that  kind, 
and  our  trouble  was  simply  one  of  dura¬ 
bility.  The  other  features  were  all  there. 

Mr.  Nowell:  Regarding  Mr.  Mackay’s 
remarks  as  to  durability,  I  would  say  that 
I  have  in  my  office  in  New  York  a  sec¬ 
tion  of  the  “Gold  Radiator,”  a  radiator 
that  was  used  39  years  ago,  in  which  the 
cast  iron  valve — which  was  the  old  lap 
valve  from  the  edge  of  the  bottom — was 
rotted.  The  radiator  was  taken  to  a  ma¬ 
chine  shop  and  a  new  valve  put  on,  and 
the  metal  itself  was  intact  after  being  in 
use  for  39  years.  I  have  also  a  section 
of  the  Carmyle  radiator,  made  38  years 
ago,  taken  from  a  hotel  in  Atlantic  City,, 
and  that  was  in  good  order,  as  perfeqt 
to-day  as  it  was  when  it  was  put  in.  We 
all  know  that  the  mistake  the  Gold  people 
made — it  was  admitted  by  them,  or  by 
Mr.  Scranton,  of  New  Haven,  their  old¬ 
est  employee,  who  knows  more  than  any¬ 
one  else  in  New  Haven  in  regard  to  those 
things.  He  says  that  the  mistake  tney 
made  was  in  shifting  from  a  copper  rivet 
to  an  iron  rivet.  But  granting  that  to  be 
so,  we  do  not  use  galvanized  iron  for  the 
radiator  I  spoke  of;  it  is  made  of  black 
iron;  it  is  doubly  refined  and  it  is  im¬ 
mersed  in  selter,  which  covers  the  whole 
surface  and  prevents  oxidation. 

Mr.  Morgan:  There  is  one  question  I 
would  like  to  ask,  and  that  is  this :  Is  not 
the  proper  test  of  a  radiator  by  the 
pounds  of  water  of  condensation?  I 
would  like  to  ask  if  that  is  not  Professor 
Carpenter’s  formula  for  the  test  of  the 
efficiency  of  a  radiator? 

Professor  Carpenter:  Yes.  I  under¬ 
stand  that  the  tests  which  are  now  in 
progress  of  this  radiator  will  be  a  test  of 
that  character. 

Mr.  Nowell:  Yes. 

Professor'  Carpenter :  This  present  test 
which  was  just  referred  to  was  a  test  for 
showing  the  relative  capacity.  You  can¬ 
not  get  at  the  efficiency  except  by  meas¬ 
uring  the  actual  heat  that  goes  into  the 
radiator,  and  that  you  can  only  get  by 
weighing  the  steam  that  is  condensed.^ 

While  I  am  here  before  you,  I  am  going 
to  say  just  a  wor.d  or  two  with  reference 
to  my  view  on  this  subject.  I  think  we 
all  would  be  pleased  to  obtain  a  light 
radiator.  I  think  also  we,  can  fairly. raise 
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the  question  of  durability.  It  is  difficult 
to  make  any  test,  any  artificial  test,  to 
substitute  for  a  durability  test.  I  have 
tried  it  for  years  with  all  sorts  of 
schemes;  so  I  feel  it  will  be  a  question 
which  we  can  raise  perhaps  for  some  lit¬ 
tle  time,  and  until  these  have  actually 
stood  the  test  of  time,  as  to  how  durable 
they  may  be.  The  use  of  light  metal  un- 
<ler  those  conditions  would  require  per¬ 
fect  protection,  else  it  will  be  affected 
by  corrosion.  In  our  buildings  which 
constitute  our  University,  we  find  that 
the  present  radiators  are  far  from  dura¬ 
ble.  We  have  a  great  deal  of  trouble 
with  them.  We  have  had  large  repair 
bills.  Those  are  due  to  the  giving  out  of 
the  metal  mainly  in  the  nipples  which 
connect  the  sections  of  the  radiators.  I 
would  not  like  to  put  any  figure  on  the 
average  life  of  a  radiator,  but  after  one 
has  stood  and  been  in  use  for  five  or  six 
years  we  begin  to  find  it  is  necessary  to 
haye  a  good  deal  of  repair  on  it.  We  are 
also  having  a  great  deal  of  repair  work 
on  return  pipes  in  the  buildings.  In  some 
places  the  conditions  seem  to  be  very  bad, 
and  we  have  not  been  able  to  find  the 
cause.  I  know  one  particular  building 
where  we  had  to  take  out  the  return 
pipes  on  an  average  of  once  in  2  or  3 
years.  They  would  be  simply  eaten  up, 
all  full  of  holes.  Very  recently  we  have 
quit  using  steel  pipe.  We  are  going  to 
try  the  use  of  iron  pipe.  We  are  laying 
our  troubles  to  steel  pipe.  Possibly  that 
is  not  the  case  at  all.  I  merely  mention 
this  fact  to  show  that  the  present  system 
and  the  present  means  which  we  use  to 
heat  our  buildings  are  not  very  durable, 
and  there  is  a  very  great  opportunity  for 
men  along  the  lines  of  durability  to  de¬ 
vise  something  that  will  be  better  than 
the  present  system  for  pipes  and  radia¬ 
tors. 

Mr.  Nowell:  Along  the  line  of  Pro¬ 
fessor  Carpenter’s  last  remarks,  I  think 
his  trouble,  the  deterioration  in  the  pipe, 
has  been  because  it  was  steel  and  not 
iron.  I  know  of  a  building  in  Philadel¬ 
phia  where  the  underground  return  pipe 
has  been  in  use  for  over  42  years.  I  took 
some  of  that  out  awhile  ago  and  it  is 
just  as  good  as  ever  it  was,  but  it  is  not 
a  steel  pipe. 

VENTILATION  LAW  FOR  ILLINOIS 

.At  this  point  the  discussion  of  the  pro¬ 
posed  ventilation  bill  for  Illinois  was  taken 
up.  Secretary  Mackay  told  of  the  long 
fight  made  in  New  York  State  to  secure 
a  ventilation  law  and  of  the  more  recent 
successful  efforts  made  in  Pennsylvania. 
Many  of  the  members  were  interested  to 
hear  read  the  rulings  in  force  in  Massa¬ 
chusetts  which  were  the  basis  of  legisla¬ 
tion  in  other  states  and  are  to-day  being 
followed  in  states  which  have  no  ventila¬ 
tion  laws. 

The  proposed  bill  for  Illinois  was  drawn 
up  by  Chief  Engineer  T.  J.  Waters,  of  the 


Chicago  School  Board,  and  follows  the 
general  lines  of  the  New’  York  and  Penn¬ 
sylvania  statutes. 

An  effort  will  be  made  to  introduce  the 
bill  at  the  next  session  of  the  Illinois  Leg¬ 
islature. 

TOPIC 

Are  the  Benefits  Derived  from  Large 
Mains  with  Branches  in  Hot  Air  Furnace 
Systems  Sufficient  to  Merit  Wider  Adoption? 

Mr.  Chew:  It  might  be  of  some  interest 
to  the  members  to  know  that  some  three 
years  ago  we  had  a  paper  on  the  question 
of  large  mains  and  hot  air  furnace  work, 
and  so  forth.  The  custom  of  furnace  work 
that  was  discussed,  I  know,  is  not  prac¬ 
ticed  to  any  considerable  extent  in  the 
East.  I  know  that  one  of  our  former 
members  used  a  large  main  to  start  off 
with  the  hot  air  furnace,  a  24-inch  pipe, 
and  in  some  instances  running  it  as  much 
as  forty  feet,  sometimes  in  directions  which 
furnace  men  would  claim  to  be  impossible 
and  have  it  do  the  work.  One  man  has  at 
least  twice  the  area  in  the  horizontal  main 
that  he  has  in  the  last  stack  to  be  sup¬ 
plied.  Mr.  Shellerberg,  I  know,  has  fre¬ 
quently  used  this  method  in  his  practice, 
and  instead  of  running  pipes  like  that  for 
convenience  he  arranges  it  so  as  to  run 
one  large  main  and  takes  the  heat  off  from 
that  with  branches. 

TOPIC 

Is  the  Present  Ratio  of  Flue  Area  to  Grate 
Area  in  Cast  Iron  Heating  Boilers  Conducive 
to  Econotny? 

The  Secretary:  Mr.  President,  1  rather 
think  that  the  idea  of  suggesting  this 
topic  was  the  opinion  that  the  present 
smoke  outlet  of  cast  iron  sectional  boil¬ 
ers  was  too  large  for  economical  results, 
and  for  the  surface  and  grate  area  of  the 
boilers.  That  is  something  that  is  very 
easily  controlled.  Most  boilers  are  built 
with  a  throttle  damper  on  the  smoke  out¬ 
let;  they  can  reduce  it  half  way  or  two- 
thirds.  I  don’t  think  there  is  anything  in 
the  present  construction  of  cast  iron  sec¬ 
tional  boilers  in  connection  with  the  size 
of  the  smoke  outlet  to  make  the  boiler 
waste  fuel.  Still  I  do  believe,  and  have 
always  felt,  that  with  cast  iron  sectional 
boilers  that  have  a  continuous  upward 
fire  travel,  from  the  fire  to  the  smoke  out¬ 
let,  they  must  be  correspondingly  as 
wasteful  in  fuel  as  direct  draft  stoves  are 
to  a  return  flue  stove. 

After  some  further  topical  discussion, 
the  Chairman,  in  announcing  the  close  of 
the  meeting,  said :  “I  think  we  may  con¬ 
gratulate  ourselves  upon  the  success  of 
this  western  meeting,  and,  as  a  western 
member,  I  hope  it  will  be  repeated.” 

After  a  rising  vote  of  thanks  had  been 
extended  to  the  Illinois  members  for  their 
hospitality  and  another  vote  of  thanks  to 
”the  press”  for  their  efforts  in  making  a 
success  of  the  meeting,  a  motion  to  ad¬ 
journ  was  made  and  cflrrie<l. 


THE  HEATING  AND  VENTILATING  MAGAZINE 


41 


The  Social  Side  of  the  fleeting 

^4rs.  James  H.  Davis  and  Mrs.  John  K. 
Allen  entertained  the  ladies  Friday  after¬ 
noon  at  their  adjoining  homes  in  a  subur¬ 
ban  section  of  the  city.  The  guests  were 
first  taken  in  carriages  through  Washing¬ 
ton  and  Jackson  parks,  and  arriving  at 
their  destination  were  treated  to  a  tempt¬ 
ing  luncheon,  followed  by  a  program  of 
music.  The  artists  were  Bertrand  Alan 
Orr  and  William  W.  Kennett. 

An  entertainment  arranged  the  same 
evening  for  the  men  as  well  as  the  ladies 
was  an  automobile  trip  to  the  White  City 
amusement  resort,  which  was  well  attend¬ 
ed  and  thoroughly  enjoyed. 

A  merry  automobile  party  was  on  the 
l)rogram  for  Saturday  afternoon.  Five 
touring  cars  were  required  for  those  that 
accepted  the  invitation  of  their  Chicago 
hosts.  After  passing  alont^  the  lake  shore 
front,  the  way  led  to  the  beautiful  Lake 
Shore  Drive,  noted  for  its  handsome  resi¬ 
dences.  Lincoln  Park  was  then  visited, 
after  which  the  cavalcade  turned  down 
State  street  and  had  a  glimpse  of  what 
Chicago  shoppers  look  like  at  their  best. 

The  reception  committee  was  much  com¬ 
plimented  on  its  erninently  successful  ef¬ 
forts  in  entertaining  the  visitors.  This 
committee  was  composed  of  James 
Mackay,  chairman;  T.  J.  Waters,  James  H. 
Davis,  E.  F.  Capron,  John  F.  Hale.  John 
K.  Allen  and  R.  A.  Widdicombe. 


HRI'J'JSH  .\ND  AMERICAN  STANDARDS  FOR  PIPE 
FLANGES 

One  of  the  matters  referred  to  in  the 
report  of  the  Committee  on  Trade  Rela¬ 
tions  was  the  recent  standards  establish¬ 
ed  in  England  for  pipe  flanges.  Reference 
was  made  to  this  subject  in  our  May  issue. 
Mr.  Stewart  A.  Jellett  took  the  trouble 
to  compare  the  British  and  American 
standards  and  said  of  them: 

“I  find  that  the  British  and  American 
standards  for  working  steam  pressures,  up 
to  125  pounds,  correspond  very  closely, 
and  that  our  standard  250  pounds  extra 
heavy  flanges  correspond  very  closely  to 
the  British  practice  for  325  pounds  pres¬ 
sure,  and  both  the  British  and  ourselves 
use  a  number  of  bolts  that  is  always  a 
multiple  of  four. 

“The  diameters  of  bolts  are  approxi¬ 
mately  the  same  for  our  standard  flanges 
of  80  pounds  and  over  that  are  used  by 
the  British  for  flanges  good  for  125  pounds 
pressure. 

"Our  bolts  for  extra  heavy  flanges  cor¬ 
respond  closely  with  the  British  practice 
for  325  pounds  pressure. 

“For  12-inch  and  larger,  their  bolts  are 
about  ^  inch  greater  in  diameter  than 
ours. 


“As  to  the  number  of  bolts  for  stan^tf4 
flanges,  they  use  four  bolts  up  to  2  inaiw 
inclusive;  we  use  four  bolts  up  to  4 
inches. 

“They  use  eight  bolts  up  to  S  inches  di¬ 
ameter;  we  up  to  8  inches  diameter. 

“They  use  twelve  bolts  up  to  10  inches 
diameter;  we  use  twelve  bolts  up  to  14 
inches  diameter. 

“They  use  sixteen  bolts  up  to  1$  inches 
diameter,  and  we  up  to  18  inches  diam¬ 
eter. 

“On  extra  heavy  work,  they  use  four 
bolts  up  to  2  inches  diameter;  we  up  to 
254  inches. 

“They  use  bolts  up  to  5  inches;  we  do 
the  same. 

“They  use  12  bolts  up  to  10  inches;  we 
use  12  bolts  to  9  inches  inclusive. 

“They  use  sixteen  bolts  to  15  inches  di¬ 
ameter;  we  up  to  12  inches. 

“They  use  twenty  bolts  up  to  19  inches; 
we  use  twenty  bolts  up  to  16  inches  di¬ 
ameter. 

“As  to  the  thickness,  our  standard 
flanges  at  the  edge  are  practically  the  same 
thickness  they  state  for  125  pounds  pres¬ 
sure,  and  the  thickness  of  our  extra  heavy 
flanges  corresponds  closely  with  the  thick¬ 
ness  of  their  325  pound  flanges. 

“One  or  two  interesting  points  I  notice 
in  the  British  report  are: 

“ist.  In  determining  the  size  of  bolts  it 
was  assumed  that  in  the  case  of  a  joint 
just  on  the  point  of  leaking,  the  full  work¬ 
ing  pressure  might  be  exerted  over  the 
area  of  a  circle  just  touching  the  near  sides 
of  the  bolt  holes,  and  the  sectional  area 
of  the  bolts  at  the  bottom  of  the  threads 
has  been  fixed  to  meet  this  contingency. 

“2d.  The  committee  found  that  the  test 
pressure  specified  for  application  to  the 
permanent  joints  of  steam  pipes  whep 
erected,  do  not  usually  exceed  twice  the 
working  pressure,  and  they  consider  tk^ 
the  thicknesses  which  they  recommend  will 
satisfactorily  meet  the  requirements  ol 
such  test  pressure.  In  the  case  of  high 
pressures,  they  consider  such  a  test  un¬ 
desirable,  and  that  a  test  of  100  pounds 
in  excess  of  the  working  pressure  should 
meet  all  requirements. 

“The  British  has  two  other  sets  of 
flanges  than  those  mentioned,  viz.,  low 
pressure  up  to  55  pounds  steam  and  high 
pressure  up  to  225  pounds  steam.  The 
125  pound  and  325  pound  flanges  are  term¬ 
ed  intermediate  pressure  standard  and  ex¬ 
tra  high  pressure  standard.  The  low  pres¬ 
sure  flanges  are  from  to  H  inch  thin¬ 
ner  for  pipes  of,  say,  3  to  12  inches  tl»p 
are  the  125  pound  flanges,  and  bolts  fewer 
in  number  and  smaller  in  diameter  are 
used.  For  flanges  good  for  225  poqnds 
pressure,  the  number  and  diameter  ol 
bolts  are  the  same  as  for  125  pounds  'pres¬ 
sure,  but  the  flanges  are  from  to  54 
inch  thicker. 

“That  is  simply  a  comparative  table  for 
the  information  of  the  .\ssociation.’' 
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The  degree  to  which  the  success 
of  such  meetings  as  those  of 
the  American  Society  of  Heating  and 
Ventilating  Engineers  depends  upon 
the  presiding  officer  was  illustrated 
very  forcibly  at  Chicago.  Owing  to 
the  absence  of  the  President  and  both 
Vice-Presidents,  the  Chair  was  filled 
by  a  former  President  who,  perhaps, 
more  than  any  other  man  there,  was 
acquainted  not  only  with  the  mem¬ 
bers,  but  with  the  qualifications  of 
each  to  speak  upon  the  various  topics 
as  presented.  It  is  safe  to  say  that 
a  large  part  of  the  discussion,  or,  at 
least,  many  of  its  most  interesting  and 
valuable  points  would  never  have 
been  recorded  had  it  not  been  for  the 
watchfulness  exercised  in  seeing  that 
all  who  had  had  experience  regarding 
the  various  points  raised  were  called 
on  for  their  opinions  and  suggestions. 


The  result  was  a  gratifyingly  full  dis¬ 
cussion,  marking  the  meeting  as  one 
of  the  most  interesting  and  most  use¬ 
ful  in  the  history  of  the  Society. 

Not  that  heating  and  ventilating  en¬ 
gineers  are  unduly  modest,  for  it  is 
seldom,  indeed,  that  comments  .are 
lacking,  providing  the  subject  pos¬ 
sesses  a  moderate  degree  of  interest. 
Nevertheless,  the  skill  that  may  be 
employed  in  bringing  out  what  might 
be  called  a  “leading”  discussion,  one 
that  is  full  of  meat  to  those  who  hear 
and  read  it,  rests  very  often,  as  we 
have  seen,  in  the  hands  of  the  presid¬ 
ing  officer. 

ON  the  whole,  the  papers  read 
were  fully  up  to  the  standard 
established  at  previous  meetings.  One 
of  the  papers,  at  least,  and,  perhaps, 
two  had  features  that  undoubtedly 
lent  to  them  an  added  interest  on  the 
part  of  all  who  followed  them.  We 
refer  to  Professor  Hoffman’s  descrip¬ 
tion  of  a  central  station  heating  plant 
and  to  Professor  Kinealy ’s  sugges¬ 
tions  and  calculations  regarding  the 
flow  of  air  in  round  and  square  metal 
pipes. 

Professor  Hoffman’s  paper  was  not 
only  interesting,  but  exceedingly 
timely.  Engineers  in  the  East,  per¬ 
haps,  do  not  realize  the  extent  to 
which  this  method  of  furnishing  heat 
is  being  adopted  in  the  Middle  West. 
One  rarely  picks  up  a  newspaper 
these  days  from  that  section  that  does 
not  contain  at  least  a  reference  to 
central  station  heating  plants  in  its 
own  and  nearby  cities,  and  the  ques¬ 
tion  of  regulating  the  franchises,  etc., 
of  firms  engaged  in  furnishing  heat 
from  central  heating  stations  has  be¬ 
come  as  absorbing  a  topic  in  many 
places,  as  that  which  swept  the  coun¬ 
try  at  the  introduction  of  the  trolley 
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car.  We  read,  for  instance,  of  mass 
meetings  being  held  in  Ohio  towns  to 
protest  against  the  alleged  exorbitant 
charges  of  the  heating  companies  and 
demanding  action  by  the  authorities 
to  regulate  the  price  of  heat. 

In  this  connection  we  predict  a  wide 
interest  in  Professor  Hoffman’s  esti¬ 
mate  of  the  cost  of  furnishing  heat 
by  means  of  hot  water  from  a  central 
station,  which  he  places  at  12  cents 
per  square  foot  of  radiation  for  the 
heating  year  of  seven  months.  This 
is  considerably  below — from  6  to  10 
cents — the  charges  now  being  made 
at  most  of  the  central  heating  sta¬ 
tions. 


The  relative  merits  of  square  and 
round  pipes  in  the  transporting 
of  air  are  set  forth  very  clearly  in  the 
interesting  paper  by  Prof.  J.  H.  Kin- 
ealy  on  the  “Flow  of  Air  in  Metal 
Pipes.”  “A  square  pipe  is  better  than 
a  round  one,”  he  says,  “because  it 
will  deliver  more  air  for  the  same  loss 
by  friction  and  it  will  take  up  no  more 
space.  True  the  square  pipe  will  con¬ 
tain  more  metal  than  a  round  one, 
whose  diameter  is  equal  to  the  sides 
of  the  square  pipe,  and  the  square 
pipe  will  cost  more  to  make.” 

Professor  Kinealy  demonstrates 
that  a  square  pipe  will  furnish  0.8 
more  air  than  a  round  pipe,  which, 
with  the  further  fact  that  each  form 
of  pipe  occupies  practically  the  same 
amount  of  space,  would  seem  to  leave 
the  only  factor  worth  considering  to 
be  that  of  initial  expense. 


WE  in  this  country  have  been  ac¬ 
cused,  only  recently,  of  neg¬ 
lecting  the  subject  of  drying.  Last 
spring  a  prominent  English  heating 
and  ventilating  engineer,  on  a  visit 
to  this  side,  claimed  that  he  looked 


in  vain  for  a  drying  room  in  which 
any  systematic  attention  was  paid 
either  to  the  temperature  or  to  the 
humidity.  Perhaps  we  should  have 
said  to  the  humidity  or  to  the  tern- . 
perature,  for,  in  England,  the  percent¬ 
age  of  moisture  contained  in  the  air 
during  the  process  of  drying  is  con¬ 
sidered,  perhaps,  the  vital  feature  of 
the  process. 

In  Mr.  Barron’s  paper  on  “Drying 
by  Steam,  Hot  Air  and  Waste  Gases,” 
he  says:  “The  problem  is  to  force 
certain  volumes  of  air  into  and  out 
of  the  drying  room,  changing  the  air 
in  this  room  every  five  to  ten  min¬ 
utes,  the  temperature  of  the  air  as 
well  as  the  rapidity  of  the  change  de¬ 
pending  upon  the  moisture  and  the 
outside  atmospheric  conditions.” 

While  this  would  seem  to  go  to  the 
root  of  the  matter,  we  fear  the  state¬ 
ment  would  hardly  cover  the  ground 
from  an  English  standpoint,  unless 
there  were  included  in  it  some  refer¬ 
ence  to  the  regulation  of  the  humidity 
in  connection  with  the  nature  of  the 
article  to  be  dried. 

We  know,  as  one  of  the  speakers 
at  the  Chicago  meeting  said,  that  the 
effect  of  moisture  upon  lumber  both 
in  the  drying  of  it  and  afterwards  is 
a  very  important  consideration.  The 
same  thing  holds  true  regarding 
leather  and  other  articles,  and  English 
contractors  who  install  drying  appa¬ 
ratus  are  as  familiar  with  the  various 
degrees  of  heat  and  humidity  required 
for  the  most  effective  drying  of  the 
different  products  as  they  are  with 
any  of  the  other  important  features  of 
their  art. 


\  X  7  ITHOUT  doubt  the  most  re- 
V  V  markable  paper  read  at  the 
Chicago  meeting  was  that  in  defense 
of  hot  air  heating  by  R.  S.  Thompson. 
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Mr.  Thompson  wrote  with  the  pen  of 
an  enthusiast,  and  his  paper  was  a 
stirring  plea  for  the  old  ways  and 
methods,  calling  only  for  more 
science  in  the  handling  and  develop¬ 
ment  of  them.  The  fact  is,  many  old- 
time  heating  engineers,  and  we  judge 
Mr.  Thompson  is  one  of  them,  have 
never  been  wholly  weaned  from  hot 
air  as  a  superior  method  of  warming, 
and  the  praises  of  this  method  are 
very  apt  to  awaken  in  them  renewed 
interest  as  they  realize  the  latent  pos¬ 
sibilities  in  hot  air  work  which  occur 
to  them  in  connection  with  their  ad¬ 
vance  in  other  directions. 

The  paper  was  one  that  held  the 
unflagging  interest  of  all  who  heard 
it,  and  many  statements  made  by  Mr. 
Thompson  commanded  instant  ap¬ 
proval,  especially  the  one  in  which  he 
said,  “Nothing  has  been  done  so 
much  to  injure  heating  with  hot  air 
as  the  common  idea  that  neither  skill 
or  scientific  knowledge  is  needed  in 
connection  with  it.  The  system  has 
been  neglected  by  scientific  men  and 
the  work  is  frequently  turned  over  to 
common  mechanics.” 

The  timeliness  of  the  paper  lay  in 
the  fact  that  Mr.  Thompson  voiced  a 
sentiment  that  has  been  heard  fre¬ 
quently  of  late  regaraing  the  virtues 
of  heating  with  hot  air,  a  sentiment 
that,  we  judge,  will  be  given  an  added 
impetus  by  this  ,  latest  expression 
upon  the  subject. 

ONE  of  the  topical  discussions 
that  was  followed  with  particu¬ 
lar  interest  was  that  regarding  the 
possible  reduction  of  pipe  sizes  for 
risers  and  radiator  connections  oflf 
risers.  This  matter,  which  led  to  a 
motion  that  the  Committee  on  Stand¬ 
ards  formulate  some  uniform  table  as 
to  sizes,  is  one  that  has  long  been 
agitated  and  the  degree  of  progress 


obtained  may  best  be  summed  up  in 
the  expressions  of  two  well-known 
heating  engineers  upon  the  subject. 

Said  one:  “Most  of  us  will  live  to 
see  the  time  when  the  present  ridicu¬ 
lously  large  sizes  for  pipe  and  radia¬ 
tor  connections  will  be  regarded  as 
curiosities.  The  only  reason  known 
for  maintaining  the  present  sizes  is 
the  reason  you  and  I  have  for  wearing 
neckties.  It’s  the  custom.” 

Said  the  other:  “It  is  well  to  go 
slow  in  the  matter  of  reducing  pipe 
sizes.  We  shave  them  down  pretty 
far  as  it  is.  An  inch  and  a  quarter 
pipe  may  be  too  large  for  sixteen 
square  feet  of  radiation,  but  it  is  cer¬ 
tain  that  a  three-quarter-inch  pipe 
would  be  too  small.” 

With  two  such  divergent  opinions 
upon  the  same  subject  we  should  say 
it  was  highly  advisable  to  take  up  the 
matter  in  a  way  that  will  leave  no 
further  room  for  guesswork. 

WE  understand  the  New  York 
City  Rapid  Transit  Commis¬ 
sion’s  engineers  are  putting  their 
heads  together  to  formulate  the  most 
economical  and,  at  the  same  time,  the 
most  effective  method  of  ventilating 
New  York’s  subway.  The  Commis¬ 
sion  is  to  be  congratulaced. 

For  some  time  now  the  air  in  the 
Subway  has  been  about  as  bad  as  it 
could  be,  in  spite  of  the  vigorous  de¬ 
nials  on  the  part  of  the  Interborough 
company  that  the  stuffiness  was  due 
to  anything  more  than  heat  and 
odors.  Fans  have  already  been  in¬ 
stalled  in  many  of  the  stations  to  ac¬ 
celerate  the  circulation  of  the  dead 
air.  This  makeshift  will  now  give 
way  to  more  scientific  methods.  It 
is  estimated  that  the  proper  installa¬ 
tion  of  a  ventilating  system  for  the 
entire  system  will  cost  a  sum  running 
into  the  millions. 
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Reeded  Legistation  in  School  A.rchitectxire^ 

BY  C.  B.  J.  SNYDER  i; 

Chief  Architect,  Depariment  of  Education,  New  York  City 


Is  legislation  desirable  which  shall  have 
for  its  object  the  establishment  of  certain 
minimum  requirements  which  shall  be  ob¬ 
served  in  the  design  and  construction  of 
school  buildings? 

Those  who  are  aware  of  the  results  ob¬ 
tained  when  certain  fixed  principles  in 
schoolhouse  design  have  been  carried 
out.  either  voluntary  or  otherwise,  un¬ 
hesitatingly  answer  in  the  affirmative. 


C.  B.  J.  SNYDER, 

Chief  Architect,  Department  of  Education,  N.  Y.  City 


The  negative  is  from  the  non-observant 
or  those  to  whom  the  subject  has  not 
been  fairly  presented. 

The  last  twenty-five  years  has  wit¬ 
nessed  a  comi)letc  change  in  the  design 
and  methods  of  construction  of  buildings 
both  public  and  private  throughout  the 
entire  country. 

Attention  became  first  fixed  in  the  com¬ 
mercial  world  upon  the  possibility  of  an 
increased  return  on  investments  through 
the  reduction  in  fire  hazard  and  of  main¬ 
tenance  through  the  free  use  of  fire  re¬ 
sisting  materials,  the  logical  development 
of  which  was  the  “skyscraper”  with  its 
incombustible  walls,  floors,  partitions 
and  stairways. 

Almost  simultaneously,  loss  of  life 

•Read  before  the  National  Educational  Asso¬ 
ciation,  Asbury  Park,  N.  J.,  July  6,  1905. 


through  fire  in  places  of  public  assem¬ 
blage  created  the  demand  that  such  build¬ 
ings  should  also  be  built  of  fireproof  ma¬ 
terials,  with  numerous  stairways  and 
exits. 

The  influence  of  this  movement  was 
felt  by  the  school  authorities  of  several 
of  our  larger  eastern  cities  who  reached 
the  conclusion  that  if  these  improved 
methods  of  design  and  construction  paid 
from  the  commercial  standpoint,  then 
they  could  also  be  applied  to  the  public 
school  buildings,  not  only  as  an  econom¬ 
ical  measure  but  to  make  more  safe  and 
secure  the  lives  of  the  children  who  were 
to  occupy  them.  In  all  of  these  matters 
private  enterprise  led  the  way  and  legis¬ 
lation  followed. 

The  immediate  result  was  to  remove 
from  the  hands  of  the  carpenter  and 
builder  the  design  of  school  buildings  and 
place  it  in  the  hands  of  trained  architects, 
as  the  new  requirements  called  for  spe¬ 
cial  skill  in  planning  and  construction  to. 
meet  the  new  conditions. 

Progress  in  heating  and  ventilation  has 
been  much  less  rapid. 

The  State  of  Massachusetts  has  a  pecu¬ 
liar  institution  known  as  the  Massachu¬ 
setts  District  Police,  the  Chief  of  which, 
some  twenty  years  ago,  reached  the  con¬ 
clusion  that  the  power  vested  in  him  by 
the  law  was  sufficiently  broad  to  permit 
of  his  having  cognizance  of  certain  com¬ 
plaints  made  by  the  health  officers  to  the 
effect  that  the  public  health  was  menaced 
by  unventilated  public  buildings,  partic¬ 
ularly  public  schools,  and  after  consulta¬ 
tion  with  various  authorities  issued  no¬ 
tice  in  effect  that  all  public  school  build¬ 
ings  in  that  State  should  have  such  ap¬ 
proved  methods  of  ventilation  as  would 
insure  its  occupants  thirty  cubic  feet  of 
fresh  air  per  pupil  per  minute. 

The  net  result,  to  not  only  the  Com¬ 
monwealth  of  Massachusetts  but  to  the 
entire  country,  has  been  most  beneficial, 
for  it  paved  the  way  for  improvements 
which  were  eagerly  sought  for  by  a  large 
class  of  intelligent  people,  who  were  not¬ 
ing  the  educational  awaking  and  devel¬ 
opment  which  was  also  in  progress,  and 
desired  that  the  physical  development 
should  also  keep  pace  with  that  which 
was  mental. 

The  word  “legislation”  has  a  formid¬ 
able  sound,  but  when  it  is  applied  to 
schoolhouse  design  and  construction 
there  are  but  three  points  upon  which 
I  should  seek  to  obtain  the  undiscrimi¬ 
nating  power  of  the  all-compelling  law ; 

First :  Requirements  as  to  the  lighting 
and  size  of  class  room,  also  ventilation  or 
the  supply  of  a  given  number  of  cubic 
feet  of  fresh  air  per  person  per  minute 
and  the  removal  of  vitiated  air. 
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Second:  Stairways,  exits  and  fire  es¬ 
capes,  their  size,  number  and  construc¬ 
tion. 

Third :  Boiler,  heat  and  vent  flues, 
smoke,  steam  and  hot  air  pipes,  their  lo¬ 
cation  and  construction.  Health  is  placed 
of  first  importance  and  this  includes  the 
conservation  of  the  physical  and  mental 
energy  of  the  child. 

Both  experience  and  investigation  show 
most  clearly  that  nothing  as  quickly  and 
surely  saps  the  mental  vigor  of  a  child 
at  study  as  bad  air.  Extensive  experi¬ 
ments  have  been  made  both  here  and 
abroad  to  determine  the  correct  amount 
of  fresh  air  per  minute  which  should  be 
supplied  to  an  individual. 

The  variations  in  the  findings  were 
doubtless  caused  by  the  difference  in  lo¬ 
cal  conditions,  but  an  inspection  of  plants 
actually  installed  in  this  country  show 
uniformly  good  results  with  a  supply  of 
thirty  cubic  feet  of  warmed  fresh  air  per 
pupil  per  minute. 

It  is  a  requirement  which  can  easily  be 
met  and  has  been  accepted  by  the  archi¬ 
tectural  and  engineering  professions  as 
standard  practice. 

Denial  cannot  be  made  but  that  the 
first  cost  of  installation  and  the  cost  of 
maintenance  will  exceed  that  of  a  system 
installed  for  heating  purposes  only,  and 
that  there  are  many  who  deem  ventila¬ 
tion,  especially  in  a  school  room,  as  un¬ 
necessary,  but  the  benefit  to  be  obtained 
by  the  installation  of  a  proper  heating 
and  ventilating  apparatus  is  so  great  as 
to  rapidly  convert  unbelievers,  provided 
they  do  not  sit  as  a  school  board,  thus 
holding  the  purse  strings  and,  because  of 
the  advantages  of  a  ventilated  school 
room  are  personally  unknown  to  them, 
refuse  to  permit  of  its  being  embodied  in 
the  plans. 

Legislation  is  the  only  remedy. 

Class  rooms  should  be  designed  to  af¬ 
ford  fifteen  square  feet  of  floor  space  and 
two  hundred  cubic  feet  of  air  space  for 
each  pupil,  with  windows  opening  to  the 
outer  light  and  air  and  of  an  area  equal 
to  not  less  than  one-fifth  of  the  floor 
space. 

The  third  item  of  location  and  con¬ 
struction  of  boiler,  heat  and  vent  flues, 
smoke,  steam  and  hot  air  pipes,  has  to  do 
with  the  safety  of  the  pupils,  but  also 
goes  further  and  protects  the  taxpayer 
against  loss  of  his  investment  in  the  con¬ 
struction  of  a  school  building. 

Viewed  from  a  purely  commercial 
standpoint  no  school  board  can  afford  to 
assume  the  risk  of  erecting  a  non-fire- 
proof  school  building  of  more  than  one 
story  in  height.  But  the  time  is  not  yet 
ripe  for  them  to  willingly  adopt  any  such 
idea  save  in  the  three  or  four  largest 
cities  in  the  country. 

I  do  not,  therefore,  propose  legislation 
now  even  for  the  slow-burning  construc¬ 
tion,  but  to  confine  ourselves  to  purely 
preventative  measures. 


Mr.  William  George  Bruce,  of  Milwau¬ 
kee,  in  a  letter  early  this  year,  stated  that 
during  the  past  winter  he  had  kept  a 
record  of  schoolhouse  fires  and  estimates 
the  total  loss  at  upwards  of  one  million 
one  hundred  thousand  dollars,  which  is 
also  a  fair  estimate  of  the  annual  loss  for 
several  past  years. 

Nearly  every  one  of  these  fires  may  be 
traced  to  a  violation  of  good  practice  in 
the  installati(jn  of  the  work  included  in 
this  item  three. 

The  enclosing  brickwork  of  all  boilers 
and  furnace  flues  should  never  be  less 
than  eight  inches  thick  at  any  point,  and 
in  almost  ev’ery  case  the  inside  four 
inches  should  be  of  firebrick  laid  in  fire¬ 
clay  for  a  distance  of  25  feet  from  the 
course  of  heat;  all  other  smoke  flues 
should  have  not  less  than  4  inches  of 
brick  w'ork  and  be  lined  from  bottom  to 
top  with  terra  cottfi  or  cast  iron  flue  lin- 
ings. 

No  joists,  beam,  floor  or  woodwork  of 
any  description  should  be  placed  within 
one  inch  of  tlie  exterior  of  any  boiler, 
furnace  or  other  smoke  flue;  wood  furring 
should  never  be  nailed  to  a  chimney 
breast  but  the  work  should  be  studded 
oflf  so  as  to  keep  a  clear  spjwcc  of  one 
inch. 

Similar  instructions  and  increased  dis¬ 
tances  between  the  woodwork  and  steam, 
hot  air  and  other  pipes  should  also  be 
observed. 

The  majority  of  fires  are  ascribed  to 
defective  flues,  when  in  reality  the  real 
trouble  arose  not  from  the  character  of 
the  brick  work  as  executed  by  the  mason, 
but  from  the  fact  that  the  carpenter  in¬ 
sisted  f)n  hugging  the  flues  too  close  with 
Irs  woodwork,  not  hesitating  to  nail 
furring,  sheathing  and  studding  directly 
thereto  and  at  the  roof  frecpiently  cutting 
out  the  brick  work  and  inserting  block¬ 
ing  for  his  framing. 

The  disaster  is  sure  to  come  sooner  or 
later. 

.All  of  these  suggestions  are  probably 
within  the  province  of  every  school  board 
to  adopt,  and  doubtless  many  would  do 
so  were  they  at  all  certain  that  they 
would  be  sustained  by  the  taxpayer. 

This  has  been  recognized  by  the  legis¬ 
latures  of  several  States  which  have 
placed  laws  upon  their  statute  books  with 
the  idea  of  assisting  the  school  boards  in 
this  work,  although  the  State  of  New 
York  was  the  first  to  enact  a  law  whic. 
was  specific  in  its  reepurements. 

It  was  as  an  amendment  to  the  School 
Law  of  the  State.  (This  law  was  printed 
in  our  June,  1904,  issue.) 

The  passage  of  this  law  was  only  after 
eight  years  of  unsuccessful  effort  on  the 
part  of  the  Engineering  Society  which 
was  responsible  for  its  introduction  and 
which  next  moved  on  the  Legislature  of 
the  State  of  Pennsylvania.  Here,  as  in 
New  York,  the  hearty  co-operation  of 
the  members  of  this  association  resulted 
in  the  enactment  of  a  law  containing  the 
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most  of  the  essential  features  now  under 
discussion.  (This  law  was  printed  in  our 
May,  1905,  issue.) 

Neither  of  the  laws  above  referred  to 
contains  all  of  the  provisions  which  are 
deemed  needful,  but,  as  a  beginning,  they 
cannot  be  regarded  as  other  than  most 
admirable. 


They  have  been  quoted  that  the  mem¬ 
bers  of  this  association  may  see  what 
actually  has  been  accomplished  through 
the  assistance  of  its  memb*ers,  and  as  in¬ 
dicating  most  truly  that  similar  results 
can  be  obtained  in  every  State  in  the 
Union,  now  that  two  of  the  leading  ones 
have  set  their  seal  of  approval  thereon. 


Vipe  Thread  Joinis 

By  Fr.\nk  N.  Speller 


This  essential  detail  of  steam  fitting  and 
plumbing  work  forms  an  inviting  field  of 
economy.  When  properly  made  up,  the 
taper  thread  gives  a  metal  to  metal  tight 
joint,  leaving  little  to  be  desired.  It  is 
the  purpose  of  this  article  to  show  that 
with  consideration  of  a  few  simple  me¬ 
chanical  principles  in  die  making,  a  true 
thread  can  be  made  and,  therefore,  a  tight 
fitting  joint  with  less  effort  and  cheaper 
in  all  points  than  a  poor  one.  This  is  a 
matter  which  has  been  given  a  great  deal 
of  careful  study  by  the  threading  depart¬ 
ments  of  large  manufacturing  concerns 
who  make  their  own  dies  and  use  the 
same  in  their  shops.  The  result  has  been 
better  work  and  considerable  economy  in 
the  life  of  dies  and  general  cost  of  thread- 
ing. 

Notwithstanding  the  progress  in  the 
manufacture  of  dies  by  pipe  manufacturers 
and  others,  the  tools  used  by  fitters  in  the 
trade  to-day  are  still  made  practically  on 
the  same  lines  as  those  of  twenty  years 
ago.  It  takes  two  good  threads  to  make 
a  good  joint,  both  of  which  must  be  true 
to  the  standard  “V”  shape  if  the  fit  is  to 
be  mechanically  perfect.  Hence  a  good 
joint  will  be  difficult  to  make  unless  the 
fitter  is  provided  with  dies  which  will  do 
work  of  the  same  standard  as  that  done  in 
the  machine  shops.  The  common  practice 
of  dopcing  and  cementing  up  poorly  made 
threaded  joints  is  unnecessary  and  un¬ 
workmanlike. 

Some  may  here  remark  that  the  old 
style  dies  have  apparently  worked  fairly 
well  in  the  past.  In  a  way,  this  is  true ; 
so  also  the  Russian  peasant  wearily  drags 
out  a  furrow  with  his  blunt  and  antique 
plow  and  with  much  waste  of  labor  finally 
gets  his  crop  in,  and  under  favorable  con¬ 
ditions  the  result  is  satisfactory.  With 
the  modern  .American  plowshare  carefully 
shaped  so  as  to  cut  the  furrow  open  with 
the  least  power,  the  same  result  or  better 
is  obtained  with  a  fraction  of  the  cost. 

Rut  to  appreciate  the  fundamental  prin¬ 
ciples  of  threading,  we  must  turn  to  mod¬ 
ern  lathe  practice  for  suggestions  as  to  the 
best  shaped  tool  to  do  this  work.  In 
lathe  practice,  the  angle  at  which  the  cut¬ 
ting  surface  of  the  tool  is  presented  to 
the  work,  the  clearance,  or  relief  of  the 
tool  from  the  cutting  edge  back,  and  close 
grin  of  the  tool  to  prevent  chattering, 
and  other  points,  are  all  carefully  regu¬ 


lated  to  produce  the  best  work  with  the 
least  cost. 

A  threading  die  may  also  be  criticized  on 
all  these  points.  Assuming  one  tooth  of 
the  die  to  be  the  tool,  the  analogy  is  com¬ 
plete.  Experience  has  shown  in  machine 
threading  that  the  shape  of  the  chaser  has 


DIE  STOCK.  SHOWING  THE  OED  AND  NEW 
TYPE  OK  DIE 

more  to  do  with  efficiency  than  any  other 
one  point.  The  accompanying  illustration 
shows  in  diagrammatic  form  both  the  old 
and  commonly  used  type  of  die  and  the 
new'  type.  By  the  old  type  the  metal  is 
dragged  or  torn  out  by  the  roots,  there 
being  very  little  real  cutting  action.  In 
common  iron  where  the  metal  is  inter¬ 
mixed  and  broken  up  by  two  to  three  per 
cent,  of  cinder  (which  it  is  not  possible 
to  remove  entirely  in  manufacture),  the 
thread  may  not  look  bad,  but  closer  inspec- 
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tion  shows  it  to  be  rough  and  uneven. 
Soft  steel  (which  is  practically  iron  with 
this  foreign  matter  removed),  by  virtue 
of  its  uniformity  and  greater  ductility  and 
tenacity,  is  much  harder  to  thread  with 
such  a  die.  However,  by  changing  the  angle, 
as  indicated  by  the  dotted  lines  so  as  to 
cut  the  metal  out,  the  difference  in  the 
power  required  and  the  result  obtained  is 
very  marked. 

It  may  not  seem  clear  at  first  sight  why 
the  last  mentioned  form  of  die  should  be 
more  durable  than  one  with  a  square  cut 
•edge.  However,  such  is  the  case,  for  as 
the  blunt  form  does  not  cut,  it  soon  be¬ 
comes  rounded  off  at  the  point  by  the 
excessive  wear  and  tear,  just  as  scraping 
will  soon  take  the  edge  off  a  knife.  After 
this  happens,  the  thread  is  formed  partly 
by  a  pressing  out  of  the  metal.  As  a 
matter  of  fact,  experience  teaches  that  in 
lathe  tools  properly  ground,  the  edge 
•often  sharpens  itself;  also,  in  records  of 
pipe  mill  practice,  all  other  things  being 
equal,  the  die  in  which  this  angle  is 
properly  adjusted  to  the  work  outlasts  one 
in  which  this  detail  is  overlooked. 

To  test  this  point  on  hand  dies,  a  dozen 
or  more  of  a  common  type  were  altered 
by  grinding  an  i8  degree  rake  on  the  cut¬ 
ting  face ;  after  four  or  five  months’  ser¬ 
vice,  most  of  these  dies  are  still  in  use 
and  doing  good  work,  having  outlasted 
•dies  made  by  the  same  manufacturer  two 
or  three  to  one.  With  these  dies  in  hand 
stocks,  one  man  can  thread  a  1J/2  in. 
pipe  with  ease,  while  before  altering  them 
it  was  difficult  for  two  men  to  do  the 
same  work.  This  exp'^rience  was  cor¬ 
roborated  by  others  who  have  been 
through  this  experience. 

Attention  to  this  point  in  the  manufac¬ 
ture  of  hand  threading  dies  does  not 
necessarily  increase  the  cost  of  their  man¬ 
ufacture,  and  with  proper  lubrication  with 
lard  or  crude  cotton  seed  oil,  the  advan¬ 
tages  of  such  tools  are; 

(1)  They  will  thread  steel  with  practi¬ 
cally  the  same  ease  as  iron,  as  the  thread 
in  either  case  is  cleaner  cut  and  truer,  and 
joint  is  propor.ionately  safer. 

(2)  Economy  in  dies  and  time  spent  in 
■making  up  joints  and  effort  required  to 
do  the  work.  The  loss  of  pipe  through 
splitting  of  seams  and  stripping  of  threads 
largely  caused  by  the  old  form  of  die 
may  be  almost  entirely  avoided  by  using 
properly  shaped  dies. 

The  superior  qualities  of  soft  Bessemer 
steel  made  for  the  manufacture  of  pipe 
are  leading  it  into  general  use  to-day,  es¬ 
pecially  where  strength  of  seam  and  cold 
bends  are  required.  As  already  about  80 
or  90  per  cent,  of  the  pipe  in  present  use 
is  made  of  this  material,  the  need  of  a 
reformation  in  the  common  forms  of  field 
tools  used  to  thread  this  material  is  evi¬ 
dent.  The  fitter  can  demonstrate  the  mat¬ 
ter  for  himself  by  experiment,  or  better 
by  ordering  the  dies  so  made  in  the  first 
place. 


Will  Conform  to  the  Standard 

Editor  Heating  and  Ventilating  Maga¬ 
zine; 

.\s  regards  the  advisability  of  establish¬ 
ing  a  standard  size  for  catalogues,  we 
would  state  that  we  have  for  some  little 
time  felt  that  if  manufacturers  would  adopt 
a  standard  size  for  catalogues,  it  would  be 
very  much  appreciated  by  the  buyers  in 
various  lines,  and  this  company  had  al¬ 
ready  decided  that  the  next  catalogue 
which  we  issue  would  conform  to  the  sizes 
adopted  as  standard  by  the  American  So¬ 
ciety  of  Mechanical  Engineers. 

United  States  Heater  Company. 

Detroit,  Mich. 


Location  of  Outlets 

Editor  Heating  and  Ventilating  Maga¬ 
zine; 

We  are  surprised  at  some  statements 
which  Mr.  Julius  Taussig  makes  in  the 
June  issue.  At  the  outset  he  states  that 
carbon  dioxide  is  heavier  than  air  and 
then  advises  putting  outlets  at  the  ceiling 
because  the  exhaled  carbon  dio.xide,  be¬ 
ing  warmer,  will  rise  to  the  top.  We 
have  always  believed  that  the  warm  car¬ 
bon  dioxide  which  is  exhaled  soon  mixes 
with  the  air  and  assumes  its  temperature. 
Then,  being  at  the  same  temperature,  it 
is  heavier,  and  will  naturally  fall  to  the 
floor  where  it  will  collect  unless  removed 
by  openings  at  the  floor  line.  Also,  it 
appears  that  he  would  experience  some 
difficulty  in  heating  a  room  by  admitting 
the  warm  air  at  the  bottom  and  removing 
it  at  the  top.  Drafts,  which  he  mentions 
as  so  undesirable,  are  bound  to  result, 
as  a  straight  channel  would  be  formed 
from  inlet  to  outlet.  Does  he  expect  the 
students  to  catch  a  lung  full  of  this  as  it 
goes  past?  Respectfully  yours, 

The  Dickson  Co., 
per  V.  H.  Dickson. 

Peoria,  Ill. 


LEWIS  &  KITCHEN,  Chicago,  have 
been  awarded  the  contract  for  the  venti¬ 
lation  system  in  the  new  building  of  the 
State  Hospital  for  the  Insane  at  Mendota, 
Wis. 

ZOLLER  &  CRAIGHEAD,  Indianap¬ 
olis,  Ind.,  will  install  the  new  heating 
plant  in  the  Wayne  (Ind.)  County  court 
house  and  jail.  Their  bid  was  $7,183. 

JESSE  LINDLEY,  Kokomo,  Ind.,  has 
the  contract  for  the  heating  plant,  to 
cost  $3  135,  in  the  court  house  and  jail 
at  that  place. 


